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A
Inassoc i ated wi Ill fever  or any oilier c l i n i c a l  f ind ings a s s o c i a t e d  w i  t li s e p 1 1—

cemia . A change i Ii 11w COfll~ I enlen C. pro i i  It’ was not 111)51 rvetl i ll t h s pa ii t i l t

d~ir i ng t i l t  t ran s i (‘11 C hac t e reill i a, however (‘onslIInpi ion ~
) I eOlllI)ont ’lI I 0 I In’

Cl as sical COl l l i ) I( ’ i f l ( f l t  p a t h w a y  occu r red pri or LII and tiu r ing till’ ;ep(  Ic ep i
i fl til e o th er in fec led pat  I til ts . i’ It ernat i ye pat • i lwa y :IC i I VI L ’/ t~~lS 1 I ei’ (It t I i
i n  t hu  burned  p a t i en t s  during se pt i c  ep i sodes , however t h e  da t a  i n d i c a t e d  th at
this pat hway was inhihi Lcd rather than a c t i v a t e d . In one pat ient , consumpt ion
of components of tile c lass ica l  complement pathway occurring during sept icetnia
decrease d the opsonic capacity of the patient ’s sera for her own infecting
microorganism, an i sola te  of E. co li. In the other pat ients , consumpt ion of
c l a s s i c a l  pathw ay components did not reduce the opsonic capaci ty of the

• pa t i en ts ’ s era for their infecting microorganisms . Al l  of th e microorganis m s
• isolated from t h e burned pa t ien ts were not suscep tible to comp lement mediated

lysis and were pllagocytosed and killed intracellularl y by human leukocytes onl y
in the presence of human serum , The only exceptional mic roorganisms were the
C. aihicans strains which were not phagocytosed and killed intracellularl y by
leukocytes even in the presence of high concentrations of normal human serum .

Data from t h e nine burned patients who did not develop septicemia was similar
to the data obtained on our previously studied groups of non-septic patients
with similar burn sizes . Preliminary evidence was provided to sugge s t  that
reduction in C3 conversion via the alternative pathway occurring in burned
patients during tile tenth to 60th posthurn days was caused by an elevation of
a norma l regulatory protein of the comp lement system . Inhibition of the
a l te rna t i ve  pathway in tile burned p a t i e n t s  caused prefe rent ia l utilization
of the c lassical pa t hway, a new finding o f  considerab le biolugical i m p o r t a n ce .

“ ‘To determine if the changes in complement components and inununoglohuhins
which were o bs erved in the septic and non-septic burned pa t ien t s were unique
to patients with burn injury, level” r,f components of the alternative and
clas sic al  comp lement pathways an~ smimnog l ohulins were measured in the sera
of ten patients wi th b lunt or pc .ng abdomina l trauma and in ten septic
patients withou t trauma . Abnorma ..i. .~ of both the alternative and classical
comp lemen t pathways and of immunoglobulin M were demonstrated in the trauma
patients. No reduction in classical or alternative pathway activity or of
immunoglobulin levels was demonstrated in the septic medic~~I patients , sug-
gesting that comp lement consumption in the septic burned patients resulted
from synergism between the infection and the trauma .

Experiments were also performed to investigate the humoral mechanisms w h i c h
are operative against gram-negative aerobic and anaerobic opportunist micro-
organisms which cause cerious infection in trauma patients . Intact cells of
E. co lt 075 , w ild-t yp e S. minneso t a, and cl nical isolates of P. aeruginosa
and P. inirabilis were found to he capab le o (  efficientl y ac tivating the
alternative pathway. Utilizing washed cell s of cell wall mutants of S. minne-

~~~~ the pol ysacchartde portion of the li popol ysaccharide was shown to he
responsible for alternative pathway activation , whereas the lipid A moiety was
responsible for activation of the classical pathway. In addition , a require-
ni&’nt for immunogl ohlllin and components of the alternative complement pathwa ’
W ,ls dclmlonst r;lt(’(l tr )r opsonization of Bacturoides fragilis subspecies fragi lis

~lli(t t I m e t a i I ) I .aonmie r on .

Unc las si f ied
~ c e, , , I , v y  r i  * s S I r I C A ? , O H  r,r ,,,,~ r...- ,- ,w . .., i’., . ‘ • . . . f ’



AD 
_______________

REPORT #2

“Host De fense Against Opportunist Microorganisms Fol lowing  Trauma”

ANNUA L SUMJIARY REPORT

Ann B. Bjornson, Ph .D.
William A . Altemeier, M.D.
H. Stephen Bjornson, M.D., Ph .D.

JUNE, 1977

Supported by

U.S. ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND

Washing ton, D.C. 20314

Contract No, DAMD17-76-C-6023

Univ~ rsi ty of Cincinnati

Cincinna ti , Ohio 45221

“Approved for public release; distribution unlimited .”



_ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

FOREWORD

In conducting the research described in this report, the inves tiga tors

adhered to the “Guide for Laboratory Animal Facilities and Care,” as

promulgated by the Committee on the Guide for Laboratory Anima l, Resources,
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Abs trac t

Studies were performed to determine the effects of s ep ti c em ia  on hllnloral

components of  host defense in burned patients . Conversion of C3 by inu lin ,

total hemolytic comp lement (CH50), and imnlunochemical levels of Cl ,C4,C2 ,C3,

CS , factor B, C3b inactivator (KAF), and prope rdin were measured in fifteen

patients w ith severe therma l injury during nine weeks postburn . Five of the

patients had one or more septic episodes as documented by positive blood

cultures and clinical findings ; another patient had one positive blood culture

which was unassociated with fever or any other clinical findings associated

with septicemia . A change in the comp lement profile was not observed in this

patient during the transient bacteremia, however consumption of components of

the classical comp lemen t pa thway occ u rred prior to and during the septic

episodes in the other infected patients . Alternative pathway activity was

also decrea3ed in the burned pa tients during septic episodes, however th e

data indicated that this pathway was inhibited rather than activated . In one

patient , consumption of components of the classical comp lement pathway occurring

during septicemia decreased the opsonic capacity of the patient ’s ser a f or her

own infecting microorganism, an isolate of E. coli. In the other patients ,

consumption of classical pa thway components did not reduce the opsonic capacity

of the patients ’ sera for their infecting microorganisms . All of the micro-

organisms isolated from the burned patient s were not susceptible to comp le-

nient mediated lysis and were phagocytosed and killed intracellularl y by human

letikocytes onl y in the presence of human serum . The only exceptional micro-

organisms were the C. albicans strains which were not phagocytosed and killed

in t rt lce l ltll:lrl y by icukocytes even in the presence of high concentrations of

norma l human serum .

Data from the nine burned patients who did not develop septicemia was

sim iI.ir to the data obtained on our previousl y studied groups of non-sept ic

4
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pat ients  w i th  simi lar burn s izes . Pre liminary evidence was provided to

suggest that reduction in C3 conversion via the a l ternat ive pathway occurring

in burned patients during the tenth to 60th postburn days was caused by an

e levation of a norma l regulatory prote in of the comple m ent system . Inh i-

bition of the a l t e rna t i ve  pathway in the burned pa ti en ts ca used preferen ti al

utilization of the classical pathway, a new finding of considerable biological

importance .

To determine if the changes in complement components and immnuncglobu lins

which w ere observed in the septic and non-septic burned pa tients were unique

to pat ients wit h burn injury, levels of components of the alternative and

classical  complement pathways and of iznnmunoglobu lins were measured in the

sera of ten patients with blunt or penetrating abdominal trauma and in ten

sept ic  patients without trauma . Abnormalities of both the alternative and

c lass ica l  complement pat hways and of immunoglobulin M were demonstrated in

the trauma patients . No reduction in classical or alternative pathway activity

or of immunoglobulin levels was demonstrated in the septic medical patients ,

suggesting that comp lemen t consump tion in the sep tic burn ed pa tients resulted

from synergism between the infection and the trauma .

Experiments were also performed to investigate the humoral mechanisms

which are operative against gram-negative aerobic and anaerobic opportunist

microorgan isms which cause serious infection in trauma patients . Intac t cells

of E. coil 075, wild-type S. minnesota , and clinical isolates of P. aeruginosa

and P. mir abilis were found to be capable of efficien tly a c t i v a t i n g  the

•mlte r na tiv e pa thway . Ut ilizing washed cells of co Il wall mutants of S. minne-

e l m , t i i i ’ pol ysacc im:mr idt ’ portion of the lipopo lvsacchar ide was shown to be

rc~ I)1)flS iI1he for alt ern a t ive pathway activ ati on , whereas the lip id A moiety

was responsible or :lclivaLi on of the cla ssical pathway. In addition , a

V
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requirement for immunoglobulin and components of the alternative comp lement

- pathway was demonstrated for opsonization of Bacteroides fragilis subspecies

fragilis and thetaiotaomicron .
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I. INTRODUCTION

A primary cause of niorbidity and morta lity in military personnel  who have

sustained burns, guns imoL and high exp losive wounds, or crush injuries is

microbial infection (1,2) .  The widespread prop hylactic use of antibiotics has

not only failed to decrease the inc idence of infection , particularl y in the

burned patient , but has also contributed to the comp lexi ty of the proble m

through the developimment of infections caused by antibiotic resistant micro-

organisms . Pseudomonas aeruginosa, Proteu,~~ Escherichia coli Staphyloc occus

aurem,~~ Klebsiella p~eumonia,~~ and Candida alb icans are the microorganisms

which are most frequently associated with septic comp lications in the thermall y

injured pat ient, and Bacteroides fragilis has assumed a major role in the

etiology of peritonitis caused by penetrating abdominal injury. The increased

incidence of recovery of penic i l l i n  resis tan t and more rec ent ly, clindamycin

resistant strains of B. fragilis (3) suggests that these microorganisms may

become one of the major infectious problems of the future .

Managemen t o f surg ical in f e c tion s has class ical l y involved antibiotic

therapy and the meticulous care of the surgical wound . However, in addition to those

therapeutic modalities , a tt en tion has recen t l y been focused upon defining immuno-

logical abnormalities of the host which may predispose him to microbial in ’ection .

Studies of alterations of host defense mechanisms in surgical patien ts have pre-

dominantl y been carried out in patients with severe therma l injury. The data ob-

tam ed from these investigations have provided evidence to suggest that neutrophil

anri— stap hm y lococcal activity (4), phagocytic function of the reticuloendoth elial

sy Hiemmi (5), ce l l—mediated imnumnity (6), serum opsonins (7—9), levels of immuno—

gl ohim mi ins (10-14), and classical (9, 15) and alternative (8,9) complement components

10 re (hmt ct (l I iii 1 OW ing  b u n ;  t raumma

The investigation described in this report was undertaken to determine the
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cause and s igni f icance of alterations of comp lement and i m~ummnc )gIc’l~im Ii us in

hu mm ed pat ien ts . S tmmd I tM were i nit L.a Lcd1 to dot t’rumm i nt i I the imuumo ra 1 ;mhnor—

mali ties observed in t ime burned Ia t i e nLM were uni que Lo pa t i en t s  wi tim burn

trauma or were also observed in patients with other types of trauma or in

septic patients withou t trauma. In addition , experiments were conducted to

define the role of antibodies and complement in host defense against P. aeru-

ginosa, E. 
~~~~ 

and B. fragil is.
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II . BACKGROUND

A . Changes in Humnomal Components of Host Defense Follow ing
Burn Injury

In our previous studies , the competence of the alternative and

classical pathways of comp lement activation was studied in patients

• following burn injury, and abnormalit ies of both pathways were demonstrated .

The protein interactions involved in classical comp lement pathway activation

have been defined and are widel y accepted (16). However, the pro teins

required for al ternative pat hway activation are poorly under stood and

continue to be active ly investigated . The most recent evidence suggests that

the initial stage in the conversion of C3 by zymosan or inulin requires native

C) , lac tor B, factor  D. and initiating factor , a new ly d iscovered ~ g lobu lin

which reacts immunochemicall y with C3 nephritic factor (17, 18). C3b , wh ich

is generated during C3 conversion, initiates a positive feedback mechanism

by modulating the conformation of factor B so tha t this molecule can be

activated by factor D (19-21). Properd in, w~,ich was origina l ly postulated to

be required for formation of the ie.itial C3 convertase (19,22 , 23), has recentl y

been shown to stab ilize the enzyme C3b,B wh ich is formed by the feedback

mechanism (18,24) . Both C3b ,B and stabilized C3b,P,B serve as C3 and C5 conver-

tases, suggesting that properdin functions as a modulator of  an alread y assen i-

bl ed en zym e. The C3 and C5 convertase functions of C3b,P,B are inhibited by

f luid phase C3b which causes dissociation of factor B. The resultant C3b, P

enzyme can then he d issoc ia ted by KAF which c leaves  C3b,P to C3cP and C3d .

The question o f  time role if immunog iobulmns in act ivat ion of the

-u lter native pathway is tmnanswered . Available evidence indicates that activation

by in imlin or z mosan may occur in the absence of immnunoglobulins (18). On the

other hand , ant ibody of the IgG class has been shown to participate in lys is

tul measle s virus-infected cells (25) and in opsonization of P. aeruginosa (26,27)

3
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and S t rep tococcus  pneummoniae (28) via the a l ternat ive pathway. The tentative

reaction sequence of t he alternative pathway utilizing zymosan or inulin as

the ac tivating substance is represented in Figure 1.

• The changes in the alternative ~)athway of comp lement activation

wh ich wer e shown to occ u r fo llow ing burn injury are as follows : a) properdin

was reduced in the burn scm during the first 30 days postburn ; b) the C3

converting activity of the sera by inu l in was red uced af ter the f i r s t 10 days

postbumn and was normalized by the seventh week ; a~d c) levels of native C3,

KAF, and factor B were frequently inc reased during 6 to 8 weeks postburn . In

several of our patients , C3 convers ion was also reduced during the initial

postburn period . Reduction in the C3 converting activity and properdin concen-

• tration was not found to be related to age and correlated with increasing burn

size; however, no correlation between the two abnormalities was demonstrated .

The finding that C3, KAF, and fac tor B were eleva ted in the burn sera suggests

that these components are probably acute phase reactants in the thermal ly

injured pat ien& . Patients with the smallest burn sizes had the most striking

increase in the levels of C3, KAF, and factor B, probably because they were

not losing as much protein through their burn wounds as the patients with the

larger burns .

Reduction in the C3 converting activity of the burn sera appeared to

be related to the presence of an inhibitor , since it could not be full y corrected

by addition of norma l human serum. However, it is necessary to demonstrate

that addit io n of a purified factor from burn serum reduces C3 conversion in

norma l serum before any conc lus ions regarding the nature of the reduction in C3

c mve rsion can be drawn . The significance of the reduction in properdin following

inu rm i i r m ~ mmry is di ffic iu ll to evaluate since properdin has recently been shown to

nli m v an ancill a ry role in the formation of C) and C5 alternative pathway conver-

ases (18, 24).
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Ac t ivat ing
Subs Lance

IF, C3 , 8, 3

C3
IF, B, _____________________________

~~~~~~ 
C3a~~~~ 

_ _ _ _ _

C3d C3 - > C3b ~~~
_
~JL~ 

Mg~~ ) C3b ,B ~

C3c

KAF

V/ B 3  ~~~~ _ _ _ _

C3b,P C3b,P B

C3b

I

— C3cP C3d

IF = initiating factor
= f ac to r  B

D = factor D
KAF = C3h inac t i .va tor

P = precursor properdin
p = ac t i v ated  properdi n

Fig. 1 . Tentative reaction sequence of the alternative comp lement

pathway.
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A decrease in serum IgC was a lso observed in t im e burn pat ien ts  during

the ear l y puis thorn pen ott w i ti m cim i idren under time age nI 4 showing the mnost

severe and prolonged deficiency, lasting up to 30 days postburn . In both

young and older burn patients , levels of IgA were onl y red uced duri ng the

first 5 days post hmmm n . In all patients , levels ot 1gM were reduced during the

entire 40-day posthurn period . Our results confirm those of other investigators

who have determined inuuiuno globulin patterns following burn trauma (10-14),

although a more pro l onged decrease in 1gM leve l was demonstrated in our stud y.

The absence of a signi ficant difference in inimunoglobulin levels in patients

wit h large and small burns and the m arked depression in 1gM level indicate

that exudative loss of protein from the burn surface is probab ly onl y part iall y

responsible for the observed abnormalities .

No differences in the occurrence of abnormalities of immunogloh tmlins

or comp lement were noted in pat ients w i th  burns caused by flame , immersion

scald , or contact with sulfuric acid . However, in the patient with acid burns,

t he onset of reduction in C3 conversion occurred during the third to fourth

postburn week rather than during the second week . In addition , the concen tra tion

of properdin in this patient ’s serum was not restored to norma l during the entire

stud y per iod of 60 days postburn . The differenc e in the temporal sequence of

these abnormalities in relation to burns caused by f l a me or immers ion scald may

be rela ted to the type of burn injury. Su lf u ric ac id does no t burn t issue by

hypertliermic activity; rather, it coagu la tes pro tein by desiccation (29).

A caus e and e f f e c t rel ationship  cou ld no t be es tablished be tween any

iii t~R observed abnormalities of immunog lobulins or comp lemen t and the deve l op-

nuent of sc’pticenmia , since only two of the stud y pa tien ts became sep t ic. However,

preli m inary evidence indicated tha t consumption of components of the classical

and alternativ e comp lement pathways was associated with and wai. possibl y caused

6
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by infection . Reduction in time classical comp lemen t pathway occurred dtmrin g

• the first 10 days postbumrn in an infant who developed septicemia wi th S. aumeus

on t he third posthurn day, whic h persisted t imnough t he s ix th  day. Reduction

in the c lass ica l  and alternative pathways of comp lement activation was also

observed in a 39-year-old female who had multip le ep isodes of Pseudomonas

septicemia and candidemia during her clinical course and who died of septic

shock . Fearon et al , imave demonstrated reduction in components of the classical

and alternative complement pathways in a series of medical pat ients with gram-

negative bacteremia associated with shock, and have suggested that biologically

ac tive products released during activation of C3 through C9 by the bacteria

contributed to development of shock (30).

Abnormalities of immunog lobu lins and of the a l terna tive complemen t

pa thway were observed in burned patients with and without septicemia . However,

reduction in the c lassical pa thway of comple men t ac tiva tion was onl y observed

in the burned patients during septicemia . Fjells trom and Arturson previously

demonstrated reduction in Cl , C4, C2 , and C3 in severely burned pa t ients and

sugge st ed tha t infec tion migh t be a poss ible cause for this comp lement defici-

ency (15). A stud y of the specific components of the classical pathway which

are activated in burned patients during septicemia will be a subject of this

investigation .

The classical comp lement pathway was shown to be utilized pre ferent i a l l y

(luring opsonization of E. ~~j  075. In the presence of an intact alternative

p.m t l m wav C3 convertase, reduction in the opsonic activity of the burn sera for

E. coIl O7~ was onl y observed when total henuo lytic complement was also reduced .

However, Ja sin previously demonstrated that in aganunaglobulinemia serum dep leted

of Clq, factor B of time alternative comp lemen t pathway was required for opsoni-

zation of t h i s  microorganism (31). Severa l explanations for these contradictory

observations are as follows : a) If properdin were requ ired for onsonization 

of7



E. col i 075 , t lien reduction i m~ the propemd i ii level of time burn s era m ii i  ~‘h mt di vL’rt

ac t i va t ion  from the a l t e rna t i ve  to the c lassical comp lement pathway. In this

regard , we have shown that norma l huma n serum dep leted of properdin supports

normal opsonization of E. col i 075, soggesting either that properdin is not

requ i red for opsonization or that , in the absence of properdin , the classical

comp lemnent pathway is utilized , b) The c lass ica l  comp lement pathway may be

activated in the burned patients during opsonization of E. col i 075 beca use

sufficient antibodies are present in the sera which react with the microorganism

and activate Cl . These antibodies may exist naturally in human sera or may be

produced in the burned patients nonspecificall y as a resul t of the administration

of P. aeruginosa vaccine . All of the stud y pa tien ts received 25 pig/kg of the

vaccine upon admission, 4 and 8 days thereafter, and then at weekly in tervals .

c) Only in time comp le te absence of imnmunoglobu lin is the alternative pathway

activated by E . coli 075. Studies in this investigation will be undertaken to

determine if E. coli 075 can activate the alternative pathway in normal human

serum and to compare heat-stabile opsonizing antibodies in normal individuals

and in vacc inated and nonvaccinated burned patients .

One of our most important findings was that multiple abnormalities of

himmora l components of host defense were demonstrated in patients who did not

deve lop systemic infection. This finding emphas izes the impor tance of the

clinical management of the patient in preventing the development of septic comp li-

cations . If the patient does become septic , consumption of components of the

classical and/or alternative pathways of comp lemen t activation may be an impor-

tint mech anism by which infection is perpetuated . Of c ons iderable im por tance in

th u s investigation will be to address the question of whether reduction in C3

convers i on via the alternative comp lement pathway may also compromise host

• t & i t ’nse by r e d u i c i n i ~ lie iupsonic capacity of the serum for a potential infecting

8
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organism which normall y utilizes components of this path way during Oi)SOfli ‘iii omi .

This abnormality occurs during the time when the burned patient IS the mnost

susceptible to infection , suggesting that it may be potentiall y important in

predisposition to infection . In addition, it will be important to know if

changes in the alternative and classical comp lement pathways are unique to

patients with burn in j i m m y  or are also observed in patients with other types of

traum a and in patients witim septicemia without trauma. Of future interest will

also be studies concerning the mechanisms by which abnormalities of the humora l

factors occur and their relationship to abnormalities of cellular components of

host defense .

• B. Normal h uman Serum Opsonins for P. aeruginosa and E. coli

In the studies which have been reported in time l i terature regarding

participation of the alternative comp lement pathway in opsonic functions required

for  in vitro phagocytosis and intracellular k i ll ing of bac ter ia, a requirement

for a specific serum protein in opsonization was demonstrated by its ability to

restore opsonic activity to serum dep leted of that respective protein . This

approach has th e capabi l i ty of determining whether or not a serum protein is

required for phagocytosis and intracellular killing of a bacterial strain, hut

is limited by i ts inabil it y to de term in e a l l  of the pro te ins requ ired for these

events . This determination can only be made by add ing combinations of purified

prote ins to bacter ia and determining whether or not phagoc yto s is and irmtracell-

i l - m r k i l l i n g  of the bacteria by leukocytes will occur; this is the experimental

:tpproactm which has been utilized in our studies .

i’ropcrdin and factor B imave been obtained from norma l human serum in

; m r t i i h l v  p u r i f i e d  t o rm . By a l k a l ine pol y acry lamide disc gel e lec t rophore s is ,

both i~rotein prep aratiomm s were found to he onl y contaminated with gamma globu lin .

We have a Iso imad encourag ing pre liminary results in preparing factor  D dep leted

9

—-



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

hunmaml serumii for Lime func I i ofla 1 tes t ing  of t ract iotms Pe lt’ Lii t h Y  cent a i ni ng

factor  D. A subjec t of this investigation will be time purification of im tmm an

fac tor  D.

Normal IgG has been successfull y pur i f ied by anunonium sulfate

fractionation and chromatography on DEAE cellulose . After a second fraction-

ation on TEAE cellulose (Cellex T), furthe r purification was obtained . By

imimmnoelectrophoretic analysis using antiserum to whole human serum, normal

IgG preparations contained a single line migrating in the gamma region .

By radial inmmunodiffusion , the preparations contained no 1gM or properdin, and

only trace amounts of IgA .

The opsonic activities for E, coli 075 and P. aer ugin osa of the

partiall y purified preparations of C3, factor B, properdin, and normal IgG

have been tested . Thus far , the results have demons tra ted no reduc tion in

bacterial counts by normal human leukocy tes in the presence of physiolog ical

concentrations of the proteins when tested either individually or in combination .

These findings are preliminary and only begin to approach the complex problem

of determining which components of the alternative pathway partici pate in

opsonization of the microorganisms and the requirement for normal IgG.

C. In Vitro Interaction of Bacteroides fragilis and Fusobacterium
Mort iferum wi th  Human Serum and Leukocytes

Prior to our study, no information was available regarding specif ic

immora l and cellular hos t defense mechanisms against gram-negative anaerobic

microorganisms . Phago cy tos is and k i ll ing b y pol ymorphonuclear leukocytes (PMNS)

has been shown to be of primary impor tance in host defense against extracellular

and facultative aerobic microorganisms . Serum bactericidal activity against

gram-negative aerobic enteric bacilli is also well recognized . The purpose of

our stud y was to determine if these bactericidal mechanisms were operative

against strains of B. f ra g i l is and F. mortiferum under aerobic or anaerobic

cond i t ions.

10
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The strains of B. fragilis subspecies fragilis and thetaiotamicron

used in our study are subspecies which are common clinical isolates . These

microorganisms were not found to be susceptible to the bactericidal activity of

normal human serum, nor were they phagocytosed and kil led in tra cel lu larl y

by periphera l human leukocytes in the absence of serum under anaerobic

conditions . Both strains of B. fragilis were, however , phagocytosed and

promptl y killed intracellularl y by leukocytes in the presence of normal

serum. These findings suggested that these microorganisms are handled by

the host in the same manner as most of the opportunist pathogens such as

P. aeruginosa and E. coli. In this regard, infect ions caused by B. fragilis

have been seen with increased frequency in the compromised host (32 , 33), and

the invasiveness of B. fragilis probably depends to a large extent on the

f unc tional in tegri ty of the hos t ’s phagocy tic cells and serum opsonins as

well as on the virulence factors of this microorganism .

The humora l and cellu lar requirements for killing the strain of

F. morti ferum used in our study were found to be marked ly different from

the requirements for kill ing of the B. fragilis isolates . F. mortiferum

was k i lled direc t ly by normal human serum in the absence of leukocytes and

was also phagocytosed and rapidly killed intracellularly by leukocytes alone

or by leukocytes and serum. These observations sugges t that this strain of

F. mor ti ferum is probabl y not invasive unless the host ’s humora l and cellu lar

functions are markedl y abnormal. This strain of F. mortiferum was obtained from

the American Type Culture Collection and to our knowledge, was not a clinical

iso late .

Our observation that gram-negative anaerobic microorganisms were

k i l led  by leukocytes in an anaerobic environment supports the findings of

Mandell (34). His investigation showed that a variety of aerobic and anaerobic

11
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(UI (- roorgani slims were killed efficiently by human pen p~ era l lemi kecyte s nade

amiaerobic by nitrogen washout , suggesting tha t mechanisms ot imer than those

dependent on hydrogen peroxide may be important in intracellular killing by

leukocytes . The finding that B. fragilis subspecies fragilis was killed to

soiw~ extent by leukocytes in the absence of serum in the aerobic but not

anaerobic environment remains to be exp lained but appears to be dependent

upon an ingestion meci)aniSm which occurs independently of serum opsonins .

Gram-negative non-sporulating anaerobic microorganisms constitute

a major proportion of the normal flora of the human mouth, respiratory,

genitourinary, and intestinal tracts , Infections caused by these microorgan-

isms are increasingl y be ing recognized as major problems in surg ical  practice

(35). Gram-negative anaerobes, particularl y B. fragilis , are commonly

isolated in cases of secondary peritonitis in which perforation of the abdom-

inal wall and intra-abdominal viscus permits the escape of the microorganisms

into the penitoneal cavity, ad jacen t organs , re troperi toneal space , and

circulation . Secondary peritonitis is often comp lica ted by intra-abdominal

ab scesses and is mos t of ten ca used by gunshot wounds of the abdomen or by

other penetrating abdominal injury. This type of trauma occurs during combat

in the mi l itary serv ice and i ts freq uency is increasing in the modern civilian

population . Our studies have provided a foundation for future studies of host

efense mechanisms against the microorganisms which are so common ly assoc ia ted

with this type of injury involving con tamina ted wounds .
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III . EXPER IM~NTA L APPROACH

Studies in three related areas of research were proposed for timis renewa l

app lication . Our primary area of research continues to bc the evaluation of

changes in humora l components of hos t defense following bu rn tra uma , This area

was to be expanded to include studies of the effect of comp lemen t consumption

on opsonic function in septic patients , the mechanism and significance of reduc-

Lion in Ci conversion via the alternative complement pathway, and the possible

production of nonspecific opsonizing antibodies following administration of

P. aerug inosa vaccine . The two additional areas to be pursued were to deal

with changes in the alternative and classical comp lement pathways in patients

with other types of trauma involving contaminated wounds and in septic patients

without trauma, and the role of complement and antibodies in opsonization of

opportunist microorganisms which frequentl y cause infection in trauma patients .

Ten to 20 burned pa tien ts who are at the grea tes t poss ible risk of

infection were to be selected for the complement studies . Sera were to be

collected from the patients one time per week for 6 to 8 weeks postburn . The

altec native and classical pathways of comp lement activation in the burn sera

were to he assessed by measuring the levels of native C3, fact or B, KAF, proper-

din , C3 conversion by inulin, and total hemolytic complement (CH50). Blood

cu ltures were to be drawn from the patients concurrently with serum samples and

microorganisms , if present in the cultures , were to be isolated and iden ti f ied .

~
; pticemia was to be documented in the burned patients by pos i t ive  blood cul tures

a n i  c l i n i ca l  f indings . If a pa t ien t deve loped sep ticem ia , blood was to be drawn

‘ne (‘1 two addi t ional  times per week until the infection cleared . In t hose

t a t  ior m ts  in whic h reduction in tota l hemoly t ic  comp lement was demonstrated during

- e pticOii mi i , time concentration of Cl, C4 , C2, and C5 was to be measured in the

scra t o  determine wimich earl y-acting classical comp lement components were

i e t  i va te t h . The h ypothiesis that microbial in fec tion perpetuates itself in the

13
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burned patient by causing comp lement consumption which reduces the opsonic

capac iL y  of the serum [or time in fect ing mnicroorganisnms wa~ to be tested

direc t ly. The ability of t ime patient ’s serum to promote phagocytosis and

killing o f  his infecting umicroorganism b~ norma l human periphera l leukocytes

was to be tested prior to and during septicemia , and , if possible , after

recovery. If more than one microorganism was isolated from a septic patient,

each microorganism was to be tested separately as described above .

The frequency with which septicemnla occurs in the burned patients

while the C3 converting activity of their serum by inulin is reduced was also

to be examined . In addition, exper imen ts were to be performed to f ur ther

substantiate t hat this comp lement abnormality was caused by a circu lating

inhibit or . Increasing amounts of burn sera (lO%, 207,, and 5O7~) were to be

added to 50% of pooled normal, human serum, and C3 conversion by inulin was to

be measured . The burn sera to be used in these experiments were to be obtained from

mion-septic patients. Burn sera were to be tested at times when C3 conversion by

inulin was reduced and also when it was norma l. Only burn sera wi th reduced

C3 conversion should have inhibited C3 conversion in normal serum. If the

appropr iate burn sera reduced C3 conversion by inu l in ~n norma l serum, then

the respective burn sera were to be fractionated into pseudoglobulin and euglobulin .

The pseudoglobulin and euglobulin fractions of the burn sera were to be added in

increasing concentrations to normal human serum, and C3 convers ion by inulin was

t o  be measured and compared to C3 conversion in norma l serum supp lemented with

:4eii (toUJ O b Iml in or eug lobulin fractionated from pooled normal human serum . If a

f raction of burn serum was shown to inhibit C3 conversion in normal serum, then

p reliminary studies were to be initiate d to isolate the inhibitor by ion exchange

and/or molecular sieve column chrotatography. If inhibition of C3 conversion

~i curr~ d iI~ ; ing an tinfr artiom iated burn sertmni hut not .tith its pseudoglobu lin or

~~ hei ,ii I in tract ion ,, I-lien boLh f ract ions of the burn serum were to be added to

14
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nornma l serum and C3 conversion was to be measured , since it is poss ib le  that

t ime inhibitory Sui)stuncc muight be parti t ioned into both I rac Li ons .

For studies to determine if opsonizing antibodies for E. co li 075 were

produced following administration of P. aerugi nosa vacc ine, antibod y titers in

the sera of vaccinated burned patients were to be compared to the antibody

titers in the sera of non-vaccinated patients and norma l volunteers . In the

~ m st , all of the burned patients at the Cincinnati Genera l Hospital and Shriners

Burn Institute received 25 pg of the vaccine upon admi ssi on, 4 ‘~nd 8 days

th ereafter and then at weekly intervals . Recently, the policy for administration

of the vaccine imas changed and only patients with greater than 407~ total bod y

.IL r~ ace burns are given the vaccine ; those patients. wi th smaller burns are not

eligible to receive it . We were to selec t patients with 357~ to 6O7~ totil burn

sizes for the stud y and sera from four vaccinated and four non-vaccinated

1’atients were to be obtained weekly during 6 to 8 pos tbura weeks. Pa t ien ts who

developed septicemia were to be eliminated from the stud y groups. The ti ters

ot im eat- stable opsonins for E. j  075 irm the sera from the burned patients

and five normal volunteers were to be measured . If hea t-stable opsonizing

antibodies were demonstrated in the sera from either group of burned pa t ien ts or

from the norma l volunteers, then absorption studies were to be performed to

determine the specificity o~ the opsonizing antibodies . The titersof heat-

s t a b l e  opsonins for E. coli 075 were to be determined in several of t e burn

md/or norma l sera after absorption with time homologous E. col i strain and with

t’ . aertiginosa. If the heat-stable opsonizing activity for F coli 075 was

removed f o l low i n g  absorption of time sera w i th  t i m e P. co li and P. aeruginosa

s i r - u ri s , then strains of S. marcescç,~~ P. m ir ;ibi li ,~~ and B. t ragill s were to

he m si~d for absorption to further examine tim e spec i ficity of the antibodies .

A n oti m ~~ new urea (if r( :(ea rc lm which was planned for time investigatirin was

- pr h i m i n i r y  S t  univ In m ss ( •ss  the alternative md lassical  comp lement pathways
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in p it  lent s w i t h muon—burn tra m mm na and in sep t i c  pat ients W i  tim nu I trau m a . Ten

p ati ent s w i t h  severe b l mmn t or penetrat ing abdominal trauma and f ive to ten

Septic patients withou r diseases associated with complement abnormalit ies were

to he studied . Sera were to be obtained within 72 hours following the injury

from the trauma pat ients . The concentrations of native C3 , f ac tor B, properd in

and KAF , conversion of C3 by inulin and total  hemol yt ic comp lement in the serzm

from both groups of pat ients were to be measured ,

Studies to define which components of a l te rnat ive  complement pa t hway

partici pate in c.psonization of 
~~~
. £21&. 075 and the clinical isolate of P.

aerrug inosa were to be delayed until factor D was obtained from normal human

serum in puri f ied form an~ until the bacterial strains had been demonstrated

to ac t iva te  m :t ue a l ternat ive complement pathway in normal human serum. Two

different methods were to be used to purify factor D. The protein prepara-

tions were to be compared functionally by testing their ability to convert

purified C3 in the presence of purified factor B. Add iti ona l reasons for

,~imrif y ing h u m an factor  D and for preparing antisera to this protein were for

the future measurement of this critical alternative pathway component in the

sc ra from trauma pat ients and for perfo’rming restorat ion experiments described

in the sect ion on the ro le of comp lement and antibody in opson izat ion of B.

frag ilis. To determine if the strains of F. coli and P. aerug inosa ac ti va ted

time alternative comp lement pa thway, the ab i l it y of washed ce l l s  to conver t C3

iii poo l ed norma l human serum chelated with ethy lene gl ycol tetra—acetic acid

(ECTA ) su pplemented with MgCl2 was to he tested . Unlike EDTA , which binds bo th

( : I~~~ ani Mg~~ , EGTA has been shown to chelate primarily Ca~~ , which has not been

foumnd to he a required cofactor for alternative pathway function. Conversion

of Cl in EC TA-treated serum supp lemented wi th Mg~~ would indicate that the

ha te r inl str ain could activate the alternative pathway. The strains were also

16
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C4-deficie nt guinea pig serum; both of these functions arc also mediated by t ime

alternative patimway.

Extensive experi muie m ut u were to be per to rm rued to define I-he role of antibod y

amid i-ump lemiient in opsonization of B. fragilis subspecies thetaiotaomicron and

ira~~i 1i s . The ab ility of norma l human serum dep leted of comp lement or anti-

‘.‘d,’ to promote phagocytos is  and intracellular killing of the bacterial strains

by  unman periphera l leukocytes was to be tested under anaerobic conditions and

compared to untreated norma l serum . In attempting to assess the role of comple-

r~~nt in opsonization , standard anticomplementary procedures (heating at 560C for

30 minutes) was to be used . To determine if antibody was required for opsoniza-

l ion o f  the bacter ial  strains, norma l human sera absorbed at 0°C with washed

cel ls of the homologous or heterologous strain of B. fragilis were to be tested

fur their opsonic activity against both strains . This approach should prov ide

information regarding the specificity of human antibodies to B. fragilis. If

a requirement for antibody for opsonizat lon o f  the bacterial strains was demon-

strated , the n an t ibod y dep l et ed serum was to be supp lemented with norma l IgG

prior to retesting.

It comp lement was shown to be required for opsonization of the bacter ial

s t ra ins, then studies were to be initiated to determine the mechanisms of

comp lement activation which were involved and to determine the partici pa t ion

~~t ’ I ate~ acting complement components. For these experiments , use was to be

r -m ,’tde ot sera from animals and humans with known , genetic deficiencies of

~~)iTn 1em (nt components C4, Gb and CS. Comparison of the opson ic ac t ivi ti es of

nonisu l and def ic ient  sera were to be made. The ability of the bacterial strains

t o  he ihmao ~ cytosed and killed in the presence of  norma l human sera dep leted of

propordi n , actor  B, or factor D of the al termiat ive complemen t pathway was



also to ho tested . If opsonic activity of one of these sera was found to be

redtmced then restoration of opsonic activity of the serum was to be attempted

imsin g time respective partiall y purified protein.

18
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IV . PROG RESS REPORT

A . Changes imi Hunmora l Conmponents of Host Defense in Patients

Follow ii~g Burn Im uj t mry

I. Studies to determine the association between changes in

serum factors and septicemia in burned patients

a . Resu l ts

In the previous preliminary studies presented in our Annual

Summary Report (June, 1976), reduction in the immunochemical levels and

functional activities of components of the classical and alternative complement

pathways was associated w i t h  septicemia in two burned patients (9). Reduction

in time c lass ica l  com p lement pathway occurred during t he f i rs t  10 days postburn

in an infant who de~ cloped septicemia with S. aureus on the third pos tburn day

which persisted through the sixth day. Reduction in both the c lassical and

a lternative comp lement pathways was also observed in a 39 year o ld female who

had multip le episodes of Pseudomonas septicemia and candidemia during her

clinical course and who died of septic shock . The present investigation was

undertaken to determine if these preliminary data cou ld be substantiated and to

determine if comp lement consumption reduced the opsonic capacity of the patient ’s

serum for hi s own infecting microorganism .

Fif teen patients with severe therma l injury were followed for up to 9 weeks

postbu rn. Patients who appeared to be at the greatest possible risk of infection

because of  burn sii.e or age or both were selected for the stud y. Serum samp les

were obtained from time patients as soon after the injury as possible and then at

wee kl y intervals . In those patients who developed sept icemia , serum samp les

,
~ere u s e  obtained two additiona l t imes per week un ti l blood cu l ture s beca me

n o g a t i vi’ . Blood cultures were drawn on all pat ients at least one t ime per week

by eu uLi f t  and addi tiona l blood cultures were drawn at time d iscret ion of the

of t i m e , i t t t n d i r u m~ ph ysic ians . This procedure was adopted for the purpose of

19 
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r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~documenting negative as we ll as posit ive cultures obtained on the patients .

Septicemia was documented by clinical findings and positive blood cultures .

The c l in ical  criteria mused for the diagnosis of septicemia were (a) cimills and

fever, (b) tachycardia , (c) hypotension , and (d) disorientation.

Six of tim e fifteen patients had one or more pasitive blood cultures during

their clinical course . Clinical characteristics of this group of patients

including information regarding blood cultures are given in Table 1. The other

nine pat ients had negative blood cultures . C linical charac ter is t i cs  and

grouping of  these burned patients are shown in Table 2.

In all three groups of patients , levels of native C3, KAF , and factor B

were norma l or elevated for the entire stud y period (Fig. 2). Properdin levels

were initiall y reduced in all groups . Properd in lev els remained red uc ed in

patients with the largest himrn sizes (group A) for 40 days postburn and in

patients with intermediate burn sizes (group B) for 30 days postburn . In

pa tients with the smalles t burn sizes (group C), properdin levels were norma l-

ized during the sixth to tenth postburn day period . Convers ion o f C3 by inulin

was markedly reduced in group A patients for the duration of the stud y. In

group B patients , C3 conversion by inulin was norma l during the first 40 days

postburn and then was subsequentl y red uced . In group C patients , C3 convers ion

was norma l for the entire stud y period . Total hemo lytic comp lement (CH50) was

norma l in all three groups for the duration of the stud y.

fln first patient (Patient I) in the group of infected patienis had one

e-- i t i v e  blood cmm ltu re on day 4 with P. mirabilis which was unassociated

w i t h  lever or any other c l i n i ca l  findings a :;sociated with septicemia . A

ch .muigc in time coiump lement profi ic in this patient was not assoc ia ted w i th  the

t r a n : ; i c ’n L  bacteremia , and opsonic ac t i v i t y  of sera from this patient for his

~nf cctin g strain of P. mirahilis was norma l durimug his entire clinical course

(if it) d~ mys postbmm rn (Fig. 3). C3 conversion by intilin and properdin concent ra t ion

20
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Table 2. Clinical Characteristics of the Non-Septic Burned Patients

Average
Body Surface tnjured h Burn

Patient Ratio
G roup No. A ge Sexa Tota l Third Degree per

1 

Group

A 2 10 M 71 66 68/65

3 6 F 60 60

1 5 F 54 43

B 2 42 M 55 2 52/20

3 9 F 49 15

1 12 F 40 11

C 2 10 M 37 16 35/ 11

3 49 M 30 6

a M = male ; F = female .

b All patients had flame burn injuries .
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Fig. 2 . linmunochemical hvels and functional activities of components of the
cla ssical and -flti- rnat ive comp lement pattiways in the sera of nine non-
septic burned patients . Time average burn ratio (total burn size (7.)/
area o f  third degree burn (7,)) was 68/65 for group A , 52/20 for group
B, and 35/11 for groi’p C. Refer to Table 2 for data on individual
patients in each group. The solid triangles represent mean values for
group A patients , the solid circles represent mean values for group B
patient s , the solid circles represent mean values for group B patients ,
and time crosses represent mean values for group C patients . The shaded

I r ( ’a)) represent  the variation of 20 norma l sera (mean ± 1 SD), and the
verti . at bars represent the standard error of the mean .
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- 
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F~ g. 3 . Imnmm,nochemicnl leve ls and function al activities of components of the

cl a ssical and alternative complement pathways , and opsonization of the

p atient ’s inf ecting strain of P. mirab il is in the sera from Pa t ient 1 .

Clinft - m l in f~ rrn.tt ion on this patient is g i v . ’n in Table 1 .
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were reduced in th is  pa t ien t  d u r i n g  the enti re posthurn period ; leve ls  of

f ac to r  B and KAF were norma l or elevated . Functiona l ac t i v i t y  of the

c lass ica l  pathway as measured by tota l imemo lyt ic  c omp lement (CH50) was norma l

or e leva te d, although the leve l of Clq in the patient ’s sera was approximately

507., of normal for the entire study period .

Patient II had multip le positive blood cultures for S. aureus during the

7th to 2Otlm postburn days and for C. albicans on the 30th and 32nd pos tbur n

d~ivs . The blood culture results indicated that this patient was culture

negative during the 21st through the 29th postburn day and after the 32nd post-

burn day. This patient was febrile with temperatures ranging from 1010 to

103° during the entire stud y period of 40 postburn days , but had no other

c l in ica l findings assoc ia ted  with septicemia . Reduction in the classical

comp lemen t pathway was found to be associated with the septic episodes (Fig 4).

CH50 and immunochemical levels of Cl and C4 were reduced during the f irst ten-

day postburn period and during the 31st to 40th postburn period . Reduction in

these measurements was not, however, demon strated during the 11th to 20th or

21st to 30th postburn day periods, a lthough the patient had positive cultures

for S. aureus on the 11th and 20th postburn days . Reduction in C3 conversion

b y in imlin and properdin concentration in this patient ’s sera cou ld not be

related to septicemia . No significant reduction in opsonic activity of the

pa t i e nt ’s sera for h i s  i n fec t i n g  strain of S. aureus was demonstrated during

the entire stud y period . The abil ity of the patien t ’s sera to opsonize his

i n f u m t i r m g  strain of C. albicans was unable to be evaluated , since pooled

norma l serum at a concentration as hig h as 207., was unable to promote phagocy-

t O s i s  and killing of this microorganism by norma l leukocytes .

Pat i e n t  III had multi ple positive blood cultures for S. aureus and

S 4 ’p t dor rnu t is  dur ing the I I th  to 27 t h and 43rd to 49th pos tburn day per iods .

25
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F m~~. 4 . Imni unochemical l eve ls  and funct ional  a c t i v i t i e s  of components of the

classical and alternative complement pathways , and opsonization of

patient ’s infect ing strain of S. ~m I r - i ~ i n  the sera from Patient II.

Clinical information on this patient is given in Table I.
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This patien t a lso  had negat ive  blood cultures during these time in tervals .

In  add i t ion, negat ive cu It iures were obta l ned tir i or to t i m e  13t Ii , dllri ng L he

28th to 43rd postburn days , and a f te r  the 49t h posthurn day . This pa t ien t

was febrile wit h temperatures ranging from 1000 to 1030 during the entire

stud y per od and had a consistent pulse rate of 140 to 160 during this time .

The pat ient  had no docuniented ep isodes of hypotension or disorientation.

Reduction in CU 50, leve ls of Cl, C4, C5, and to a lesser extent levels of

C2 and C3 was demonstrated during the first 25 postburn days , but not during

t h e second septic period (43rd to 49th days) (Fig.5). Alternative pathway

activation fo llowed the normal pattern which has been observed in a pat ient

w i t h  this bu r n  size. C3 conversion was reduced after the 6th to 15th postburr m

day period , the level of properdin was reduced and levels of factor B and KAF

were normal or elevated for the duration of the stud y. No decrease in the

ability of the patient ’s sera to opsonize her in fecting strains of S. aureus

was demonstrated . Reduction in the opsonic activity of the patient ’s sera

for h er infecting strain of S. epidermidis w~ s only demonstrated during the

f i r s t  five days postburn.

Patient IV was admitted to the Shriners Burn inst i tute nine days following

his burn injury and had positive blood cultures with S. aureus during the 9th

to 13th postburn day period . Blood cultures were negative thereafter until

the 22nd and 27th postburn days when blood cultures were positive for C. albi-

cans and S. fauca lis respective ly .  Blood cultures were negative from the 28th

t i  time 31st postbiirn day period with the last  positive culture being obtained

on the 34th postburn day for S. aureus. The pati ent was febrile with tempera-

tiures ranging from 101° Lo 104° for the entire stud y period . No other c linical

f indings a — s o c i a t e d  with septicemla were observed in this patient. Consumption

o l  npen& ’nts o~ the c las s i c a l  comp lement pathway was observed during the first

27
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35 posthiirn clays (Fig.6). CH50, level s o f Cl , C4, C2 , and CS were  l o r e

mark edly decreased initiall y during the 9th to 15th postburn day period ;

co nsum pt ion was not, however, extensive enough to decrease the C3 conceritra-

tion . Alternative pathway activation followed the normal pattern which has

been o~bserved for a patient with this burn size as described for Patient III.

In addition , no impressive decrease in the ability of the patient ’s sera to

opsonize his infecting strain of S. aureu’~ or  Streptococcus faecalis was

demonstrated . The opsonic activity of the patient ’s sera for his infec ting

str in of C. albicans was unable to be evaluated , since pooled normal human

serum at a concentration as high as 207., was unable to promote phagocytosis and

killing of this microorganism by normal leukocytes . This finding is identical

to the results obtained with the C. albicans strain which was isolated from

Patient II.

Patient V had multip le posi tive blood cultures with S. aureus during the

4th to 11th days postburn and died of what appeared to be septic shock on day

12 . She was febrile during the entire stud y period wi th temperatures ranging

from 1010 to 1020, became disorientated on day 8 and was responsive only to

deep pa in by da y 12. She had no documented episodes of tachycardia; blood

prcssure measurements were unable to be performed due to the exten t of the

patient ’s injury . Consumption of the classical complement pathways was

marked during the entire ten day postburn period ; al ternative pathway consump-

t ion was observed only during the first three days postburn (Fig.7). C3

conversion by inm,lin , Cl50, level s o f Cl , C4, C2, CS and to a lesser extent C3

were decreased during the ten day period , and fac tor  B levels were decreased

during the first six days postburn . No marked decrease in opsonic ac tivity of

the pa t ient ’s serum for her infecting strain of S. aureus was demonstrated

chit ing th e entire stud y per iod .
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t i l l  sera  t roll, l i t i e l t IV . C l i n i ca l  nf enl l at iun  110 thi s pati ent Is

S ’ , Vei l  in lab IL ’ I
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PaLi em mt V t Iisul 1135 1 1 tip le pOSI t i Ve  blood c ,i l tt i res w i t h  S. am l re us

E. c~~1 i d u n  ng tim e 17th to 21st postburn days  and died of what appeared to

1e septi c shock on day 27 . She was febrile with temperatures ranging from

1010 t~ 1020 dmin ins ~ he r  ent i re c l in ica l  cours e . She had intermi t tent

episodes of tac imyc imardi a on days 2 ,3, 11, 12, 15,20,24 to 27 . She was hypoten—

sive upon admission (day 2) and on days 19,20,26 , and 27. She was alert

through time 11th postburn day. Classical oathway activatio n was markedl y

reduced during the entire stud y period of 25 postburn days (Fig. 8). Func-

ti orl al activity of her alternative pathway as assessed by C3 convers ion by

in t ilin was unusually norma l, and the only abnormality which was noted was

decreased KAF levels , Since KAF is a regu latory protein of the classical as

well as time alternative comp lement pathway, thi s protein was probably conscmmed

alomi~ wit h other components of the classical pathway.

Opsonization of’ the patient ’s infecting strain of S. aureus by the

pati ent ’s sera was not substantiall y aff ected by the decreased classical

pathmw ay activity. However, the ability of th e patient ’s serum to opsonize

im e r infecting strain of E. coli was marked ly reduced during the first five

days postbtmrn and then again during the 21st to 25th postburn day period .

The t’~pes and amounts of blood products administered to the septic

pa ti l ’ n ts  is shown in Fig. 9. A wide variation in the regimen for administra-

i(~ 11 oI  bloud products was ooserved . Patients I, II, V, and VI received the

least lmount of blood producLs; patient I onl y received packed cells during

t hlc t i ;t {
~ Vt’ days postbimrn -111(1 then no blood products thereafter . Pat ients

II] •m ntl IV received from 500 to 3600 ml of whole blood and from 400 to 3900

In ! et  ;ioglc’ donor p lasma per ten day period .

!)~ !)i:;cii’ai t Oil

‘[‘ h I c ’  r i — i t a  0j’~~se’l l  ed in th is st ~ t ion altimough prel iminary,
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Fig. M . Irnm ,rnod.ernical levels and fuimcti onal activities of components of

II I, ’ C I.i SS Ill  anI~l a l t e r n a t i v e  com p l t m e n t  pathways , and opsoniz ation

eI ( I I ’ ’ ‘ It t e n t ’ s i n s ec t i n g  s t r a i n s  i f  S. anrells and E. co h i in t im e

-.ert Ir~3ll1 ‘ it i ent VI . C lini n -m i into rmation on this patient is

~;iV ’a1 in Table 1 .
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indicate t lmat consumption of the classical comp lentent pathway was associated

with and was probabl y caused by sept icemia in thermall y injured patient s .

In three of five burned patients (Patients IV ,V, and VI), decrease in the

functional activity and iiwnunochenmical levels of components of the classical

complement pathway occurred prio r to and during septic episodes . Botim of

the other two patients also had decreased classical pathway activity prior

to the development septicemia . In one of the patients (Patient III), cla ss-

ical pathway activity was decreased during the first septic episode (13th to

2 7 t h  postburn days) but not the second (43rd to 49th postburn days). In Fl
the other patient (Patient II), clas sica l  pathway act ivity was decreased

during the second septic period (30th to 32nd postburn days) but not for the

duration of the first episode (11th to 20th postburn days). The results

obtained in Patient II can probab ly be attributed to the administration of

blood products , since this patient received whole blood and single donor

plasma during the first hut nol the second septic episode. Patient III, whose

c lassical pat hway act iv i ty was reduced during the f i rst  but not the second

septic episode, received equivalent amounts of single donor p lasma per day

during the two time intervals but twice the amount of whole blood per day

during the second septic episode . However, Patient IV showed classical

pathway consumption during his septic episodes, when he was receiving as much

w h o l v  blood and s;ingle (honor p lasma as Patient III. It should be mentioned

ti m m I , tir e lack of consistency in the changes in complement observed in these

I we pi t  ients in I gim t be ri lated to differences in the comp lement levels in the

h I  0 ( 1(1  pri’diic is wh ic hi they received . We have measured complement levels arid

. s c t i v I t i c ss in three d i f fe rent  un i t s  of single donor p lasma and found them to

vary marked ly: nile o f  t h m t ’  mini ts  contained 257 of  the norma l amount of  c lass ica l

m d  - m l Li rn ;mt ive  i ) r t t I IW IY  m c t i v i  t y.
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One of the patients (Patient I) in our stud y, who was bacte remic , served

as an excellent control for determining the re lationship between changes in

comp lement and septicemia . No changes in the classical or alternative comple-

ment pathways occurred prior to or on the day tha t this patien t ’s bl ood

culture was posit ive . An ear ly reduction in c lassical pat hway ac t iv i ty  was V

demonstrated in all of time septic patients during the initial postburn period ,

suggesting that this humimora l abnormality may he predictive of a sept ic  episode

and may possibl y predispose the patient to infection . Our results tend to

rule out the possibility that the intial reduction in classical pathway

~Ictivati on occurring during the firs t week postburn results from infection ,

since blood cultures were consistentl y negative in all but one of the patients

during this t ime.

The classical pathway appeared to be activaled pre ferentially in the

burned patients during septic episodes . Although C3 conversion by i n u li n

was o f ten  reduced during septic episodes, levels of factor B were generally

norma l or eleva ted . Since it is well known tha t factor B is consumed during

altern ative pathway activation , the results suggest that C3 conversion via

lIme alternativ e pathway was reduced in the burned patients due to inhibition

rat her than to consumption of alternative pa thway components. Inhibition of

altern ative pathway activation wom id prov ide an exp lana tion for the observed

pre ferenti al activ ation of the classical pathway. Further studies regarding

e v i i c r m c e  for prese nce nt ~I circulating inhibitor of C3 conversion via the

m i t e  nil t I ye pm  ihwa y in burned pa t ients is presented in the next sect ion of

i h m i . - re port . This topic is  a l so  d iscussed in sec t ion  Cl of this report

dealing with preferential utilization of the classical pathway in burn ser a

dur I ic. uip st~n i z i  t ion of I. col i 075.

In on ly  one pa t i e n t  did consumption of components of the classical

3()
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comimp lemen I pathway occurring during septic eurmia dc-crease the opsonic capacity

( i t  tim e pa t ien t ’ s sera for her own in fec t ing  uimicroo rgan ism, an iso late of

E. c o l i ;  sera from the same patient wh ich could not opsonize E. col i,

opsonized her infecting strain of S. aulreus normall y, flue microorganisms

which were isolated f rom time other septic burned patients and used to tes t

tim e ol-isonic capacity (if the patients ’ sera were also, with one exception ,

strains of Staphy lococci. Since there is evidence that S. aureus can be

opsonized by norma l IgC in the absence of cornp lem~ nt (31 , 36), the lack of

demonstr ation of reduction in the opSonic capacity of the patients ’ sera for

their infecting strains of Staphy lococci mig ht be related to the lack of

requ i rement for complement for opsoni~ ation of the strains . I t w i l l  be very

important in future studies to determine if reduction in serum opsonic

a ctivity occurs for certain bacteria and not for others as was observed in

this grou p of septic patients.

IL should he emphasized that the E. coli isolate as well as the strains

of Stap hylococci and S. faeca lis isolated from the burned pa tien ts were no t

susceptible to direct lysi s by pooled normal serum in the absence of leuko-

cyte~ or to phagocytosis and intracellular killing by norma l leukocy tes in

the absence of serum . In addit ion, the concentration of serum and incubation

periods used In the opsonic assays were specific for each infecting microor-

gani srn . Concentrations of the patients ’ scra were based on the minima l

am numnt of poo led norma l human serum which was found to promote maxima l intra-

e e i l u l - m r  k i l l ing of the microorganism by norma l leukocytes during the shortest

I f l e ( 1 1 ) 1 1  011 il’ Fi 0(1

A uiot imer in te rest ing observation which was derived from this stud y was

s t r a i n s  of C. ilbicans isolated from the burned patients were not phago-

c y t e - c d  ;iuid k i l l e d  intr aceh lularly by norma l letikocytes in the presence of

37
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II Vi. t O  t e n  I uii~~ ; t h e  co ncentrat ion oF norma l hnm umm n se rum requ i red for

plm~mgim cy t o s i  s of  othmer urmicroorgan isms . Furt her studies w i l l  be m i  t ia ted

to (ht-Lcrmi m in ( ,  i f  time C. :mlh icans s t ra ins  i so la ted  from time burned pa t ien ts

are more resistant to opsonization by norma l serum than strains of ç.

albicans iso la ted  I ron oth er sources and to determine the h uman serum

proteins require(h for apsonization of the C. albicans strains .

Data from the burned patients who did not develop septicemia was grouped

according to burn s i z e  to enable comparisons to be made between the present

stud y group and previous ly studied patients (9). The only difference which

was observed in the data from the groups 01 burned pat ients in this stud y

and our previousl y studied groups of patients with similar burn sizes was

in tim e results of the analyses of C3 conversion by inulin in patients with

the largest burn sizes , In the present stud y, C3 conversion by inulin was

ma rkedl y reduced initiall y and remained reduced for the duration of the

s tudy. In the previous stud y, C3 conversion was not reduced until after tile

first ten days postburn . how ever, in our original work demonstrating reduc-

tion in C3 conversion in the sera of patients with severe thermal injury,

C3 conversion in the sera of some of the patients was reduced during the

i n i t ia l ten day postburn period and in others it was not (8). The discrep-

ancy in  t h e  C3 conversion results remains to be explained, however it does

not appear to be related t o  b u r n  s i ze S
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2. Studies to determine the unechanisurm of reduction in C3

conversion v ia  time alternal ive pathway in burned patients

a. Results

Our previous studies showed that conversion of C3 by in u l in

in sera f rom severely burned patients was reduced after the firs t 10 days post-

burn and was normalized by the seventh week (8, 9). The occurrence and duration

of the reduction in C3 conversion were found to  be directly re lated to the

severir~ of the burn injury. Reduction in time converting activity of the burn

sera could not be full y restored to norma l by addition of 507, pooled normal

human serum (PNHS), providing preliminary evidonce that this complement abnor-

rmml itv was caused by an inhibitor . The present investigation was undertaken to

test directl y the h ypothesis tha t reduction in C3 conversion by in’,mlin in the

burn sera was caused by a circulating inhibitor .

C3 convers ion by inulin was measured during 6 to 8 weeks postburn in the

ser a of seven pa tien ts with burn in jur ies rang ing in size from 377, to 927g.

Pert inent clinical Information on the patients is given in Table 3. In all of

the patients , C3 conversion was redeced after the tenth postburn day (Fig. 10).

Wit h the excep tion of pa t ien t 3, restoration of the C3 converting activity in

the patients ’ sera occurred during the 5th to 6th week postburn. In patient 3,

C l conversion remained reduced during 59 postburn days ; the duration of the

reduction appeared to be related to the type of burn Injury.

Increasing anmounts of burn or norma l sera (10 ul, 20 ul , and 50 ul) were

V I - id i .d to 50 uu [ of PNHS. The volumes were adjusted to 100 ul with saline, and C3

con ve ra ion by 10 mg/ml of inulin was measured . Add ition of norma l sera obtained

from individual donors to PNHS did not reduce C3 conversion by inu lin (Fig.1l). -~ -

Addit ioui of norma l serum dep leted of complement components required for C3

conversion (FIlMS heated at 56°C for 30 minutes) to PNH S resulted in a slight
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Table 3 . Clinical Ch a rac ter is t ics  of Patients with Burn Injury

Bod y Surface Injured
Patient Cause 01 Total Third Degree

No. Agc~’ Scx b Burn 7~ 7

1 2 F immersion scald 37 30

2 2 M f l a me 45 15

3 16 F sulfuric acid 60 50
contact

4 21 M flame 73 56

5 5 M flame 73 70

6 59 M flame 45 27

7 30 M flame 92 0

a Patients ranging in age from 2 to 11 years were hosp italized a t

the Shriners Burn Institute and patients over 15 years of age were

hosp italized at the Cinc innati Genera l Hospital.

b 14 male; F = female .
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= Control Serum# I
2 Control Serum#2
3 ControI Serum#3
4 ControlSerum#4
5=A PNHS

O
O tO 20 50

SERUM ADDED TO PNHS (%)

Fig. 11. C3 conversion by inulin ~n PNHS supp lemented with individual

normal control sera or heated PNHS (56°C, 30 minutes). C3

conversion by inulin in the unsupp lemented control sera was as

fol lows : (1) 467,, (2) 657,, (3) 547 , (4) 497., (5) 07,, The

points represent mean values of 2 to 4 determinations, and the

vert ical bars represent the standard error of the mean.
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reduction i i i  C i  conversion , although the va lues did not differ significantl y

ron i n ism obta ined when untreated norma l sera were added to PIllS. The

~~~n1~i l i . L f l m f l t  dep le ted  cont ro l was included for the purpose of showing the extent

o~ Ci) COf lV m rs iol l  achieved wh o- n PNH S and i serum deficient in complement

camponeults wyrm added to~ cth r . If reduction in C3 conversion by inulin in a

burn si runm resulted from a def ic iency of cr i t ical  proteins required for C3

OI lVers iOu l , limen values of approximately 4870 ± 87, (mean ± s.c.m.) or greater

~— homi ld be m i h (~~iiitd at a 507, serum concent ra t ion. Any furt her reduction in C3

convers ion upon mixture of equal parts of burn serum and PNHS should result

I rom in inhibitory substance rathmer than from a deficiency of serum proteins .

Sera obtained from patients 1 to 5 were added in increasing concentrations

(1() iii , 20 til , and 50 ul) to 50 ul of PM!S. The volume s were adjusted to 100 til

with saline , and C3 conversion by 10 mg/mi of inulin was measured . Burn sera

were tested at times when C3 conversion was reduced and also when it was normal.

None ol the burn sera wi th  normal C3 conversion inhIbited C3 conversion to any

extent when add ed to PNHS (Fig. 12). The C3 conversion values of the burn ser a

prior to their addition to PN}IS and the day~ 11m m - sera were collected are given

in time figure . Sera from patients 2,3, and 4 with reduced Ci conversion inhibited

C3 conversion when added to PNHS. Two of the three sera with reduced C3 conver-

sion from patient 5 also inhibited C3 conversion in FIlMS. The third serum

litained on day 20 f rom this patient had reduced C3 conversion, but did not

in h i b i t  C3 convers ion when added to PNHS . In addition , serum from patient 1

w i  Lii reduced C3 conversion did not inhibit C3 conversion in PNHS . ~Then the data

~ - re  sub cc ted to s t a t i s t i c a l  ana l ys i s  using time Student t tes t , the d i f f e r —

i-l ie s wh I chm w r c  oh sm rved between time burn ser~i w i t h m  reduced C3 conversion and

L Im m ’s - w I t hm norma l C I convers I on were not found to be signi ficant by the Student

I Lest 1 i p v:i [ mu m l  i c s~ th man 0.05. In addi Li on, the - . alues obtained
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PU’,. 12 . C3 conversion by in im l in in PNHS siuppli cnted wi th increasing

co ncen t rat ions  of  pa t ien ts ’ sera . The values for Ci c o n v e t s i m m n

iii rh scra  f r c~ each  p a t i e n t  p r i < r  L -  t he i r  a u d i t  ~~ 1 t o  N i l

a u t h t i me  J iv s  pestburn that the se r l  were co l lec  ted arc given in

LIm e l iguu re . T u e  ~ ‘ i n t s  represent mean va lues of 2 to 4 deter-

um ui t i.i t io n s , and tim e v e r t i c a l  bars represent  time standard error

o f  t iur’ mean ,

44

V 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~.



- -- ~~~~~~~~ 
V V V ~~~~~~~~ - 

~~~ 
~~~~~~~ V~~• -- ~~~~~~ _ _ _

when < qua 1 pa IV t s  mu f bu rn serum and PNI1S w ir e addled Loge I l ie  r Wer e  u lm m

cons i derab 1 y lower t han 11mm ,:: e ob taincd when the co ummp lenmen t do f Ic I emi t imo rma 1

serum was added to PWIIS (refer to Fig. 11).

One possib le exp lanation for the lack of statisticall y significant

ditferences between burn sera wi th reduced versus norma l C3 conversion might

be th iat the inhibitor of C3 conversion was present in a low concentration in

t h e b u r n sera. An alternative hypothesis was that reduction in C3 conversion

by inulin in the buirn sera was caused by a deficiency of critical normal

serum proteins required for C3 conversion. To test  the former hypothesis ,

burn sera were frac t ionated into pseudog lohulin and euglobulin wi th the imope

t h a t  the inhibitor , if present irs the sera , migh t be partitioned into one of

t h e s e  f rac t ions  and could thereby be concentrated . Sera (2 ml) from patients

3,4, and 5 with reduced C3 conversion which had been found to inhibit C3

conversion when add ed to PNHS (refer to Fig. 12) were dial yzed aga ins t 0.008M

EDTA , pH 5.4 for 18 to 24 hours at 4oC. The euglobulin from each serum was

deposited by centrifugation , and the pseudo~~l obu l in was removed . The euglobulin

was washed three times with 0.008M EDIA and redissolved in 0.5 ml of 0.OIM

Tris-HC I, pH 7.4, con tain ing  0.3M NaCL. The euglobulin and pseudoglobulin

fractions of the sera were then dialyzed against 0.OIM phospha te bu ffered

saline containing 5 x l0-4M CaCI2 and 1.5 x l0-4M MgC12. PNHS (2 ml) were

fractionated into pseudoglobulin and eug lobulin fractions and dial yzed as

des c r i bed  above for fractionation of the burn sera .

Unfr <ict i i u u i a t m i burn sera and the pseudoglohulin and euglobulin fract ions

o f  t h e  bu rn se ra were added in increasing concentrat ions to FIlMS, and C3

conversion by 10 m g / m i  of irmulin was measured and compared to C3 conversion

1 m m I’MIS supp lemented w i ti m pseudog lobulin or emuglobumlin f ract ionated from PNHS .

the e u m g l o h m m l i u m  t rac t ions d l i  the burn scra were found to markedly inhibit C3
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conve ‘S liii 1ev inn i in (F’ ig . 13) . The cog lobu IA n prepared I laIn; PIllS Wa. ; :11 - 1

found to  i nh I h i  t C I c oliver:; ion when added to PNIIS . Tlm’  di i  I d rone (V  between

inhi i hii t loll h)y norma l versus bu rum euglobuu Ii ui was nei l foumu id to he s t a t  i 51 i c . m I I y

signi f ican t by Liii Student 1 t e s t  at a p val ic’  of less l ua U  0.05, Imoweve r

t im e h u m  tu ig lo b um [in was det m i  te ly more m Imi hi tory than tIme norma l euglobu u n .

l’seuud og I o bum t in prepared from ci timer norma l or burn so ra enhanced C3 conveL ion

b~’ in ul i ru whm c n added to  PNHS. These preliuuinary results suggested that a

euug lob u i l i uu  f a c t o r  or fac tors  which regu late C3 conversion in norma l seru m

iui ight he Present  1~i an elevated concentrat ion in the burn sera causing inhi—

hi t icn o~ Ci) convers ion.

Scra fr omu m patients 5, 6, and 7 with rcduccd C3 conversion were pooled , and

c a hm pooled serum was f rac t ionated into pseudoglobulin and euglobulin as

desc r i b e d  above . Unfractionated pooled sen and the pseudog lobulin and euglob-

uuli r m  fraction s of tim’ pooled sera were added in increasing concem trations to

PNHS , and C3 conversion by 10 mg/m I of inulin was measured and compared to C3

conversion in PNIIS supplemented with pseudoglobulin or euglobulin fractionated

t rom PIUS . The eug lobulin fractions of the poo le]  burn sera inhibited C3

I r ivirsion b y inulin in PNHS to a greater extent than the euglobulin fractionated

from PNHS (Fig.14). Pseudog lobulin prepared from either burn sera or PNHS

enhanced C) conversion when added to PNHS. These results confirmed our previous

! i t m  ht ained using individual rather than pooled burn sera. The onl y differen ce

iii t h e  resul ts was that the unfractionated pooled burn sera did not inhibit C3

couiv ~- r ;  ion in PNIIS to as great an ex te nL as t u e  uum f ract ionated individual burn

The euuglohuil in prepared from the pooled burn sera from pat ients 6 and 7

:in di t ime eug iobulin i repared from PNHS were further f ract ionated by TEAE cellulose

clmronuatuigraphy by the method of Nilsson and Nulh’r-Eber!-iard (37). Two ml of

_ _  - - J
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O Pseudog lobuhin fraction
• Euglobuhin fraction
A Unfractionated serum

100 - PATIENT 3-Doy 46serum 00 PATIENT S-Day 13 serum

_ _ _ _ _ _  
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0 1 0 20 50 ~ 0 1 0 20 50

V~~J

100 PATIENT 4-Doy28serum ~~~ 00 - PNHS

_  ITT
0 1 0 20 50 0 1 0 20 50

BURN FRACTION ADDED TO PNHS (%)

Fid.  1 1 . (~~ t V o n ve i s i o n  by inulin in PNHS supp lemented wi th unfract ionated

bi; r u  s e I
V

;m cud 11mm ’ ‘ug h-hum u n  or pseuidoglobu l in f ract ions of t h e

s , i , i . i’ r m e  L i  ens of sera from pa t ien ts  3, 4, and 5 were tested ;

C I roused :. ion in tile sera prior to fractionation ranged from 127.

t o  ‘ < 7 ( 5 m m’ F’i ~,. [2). The points represent mean val mues of duplicate

de t l V n h u i u l ; m l i ons , and tIme ve r t i ca l bars represent the standard error

.‘l t h e  nme,in.
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O Pseudoglobulin fraction
• Euglobulin fraction
A Unfractionated serum

00 - PATIENT 5 100 -- PATIENT 7

0 1 0 20 5O~~ 0 1 0 20 50

~oo PATIENT 6 ~~oo - PNHS

~ 5O~~
’
\~~~~~~~~~ ~ 50

p i I V~~~~~J 0 I I
0 1 0 20 50 0 1 0 20 50

BURN FRACTION ADDED TO PNHS (%)

Fig. 14. C3 convers ion by inulin in PM-IS supplemented with unfractionated

burn scra and t h e euglobum lmn or pseudoglobulin fractions of pooled

sm n- u u r l  ~ V1 t i en ts 5, 6, and 7 , Sera C - -111cc ted on the h o l l o w i ng

Lit a. In . ’:- t i e  i t i  en t s w e r e  pooled : P.-~ lien r 5 — days 14 , 20 , and

2 ’ : I’~u timu1 (i - days 25 and 32; and Patient 7 - days 16 and 24.
Ci com m v i ’rsi .uI m in the pooled burn sera prior to fractionation was

. i ~ or I’ i t  h eis t  5, 277. b r  Patient 6, and 237. for Patient 7.

‘lime po i nt  S m - p m c : a ’ n t  values of s ingim determinat ions .
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~~ I e m g i i e l :  m. ~em m d i .u lyzeci  .lg.Ikui.- ;L LO iN ph o s p h a t e ’  i t  icr , J)C 13 . 111(1

app l ied to Y .5 x 40 cia column of TEA E equii l ibrated wi lL the same bul

A ph ‘ l i i i  1 1 1 1 1 eC u : ;  i s t ing  of  300 ml of 0 .03M phuosp imate bu f fer , phi ~~~. 1 and 150

iuu l ot 0 . iN NaII2 PO4 was applied, and 5 ml fractions were c o l l e c t e d . J.V tuuj i

w e r e  e im i t ed , and each was conce ntu-ated to 0.5 ml and dia lyzed 1gain~it

O .0 M  i1Imosp l t m ~ buff ered saline, p1! 7.0. A representative graph of the protein

; i u m t i o n is  st uu )wi i  in Fig. 15 . The peaks consisted of the fo llowing fractions :

(i i  1- m e t L o u l s 20 — 32, (2) frac t ions 50—63, (3) frac tions 69 - hiS, (4) frac-

t i o n s  iO~+ — 12C .

Equa l parts  of t h e  TEA E frac t ions of burn or norma l eug lobulin and PNHS

wi re added t ;ge th ;er , and C3 conversion by 10 mg/m i of inulin af ter  30 and 60

min u t e s of incubation at 370C was determined . In prior experiments , C3 con-

version had been measured only a f ter  60 minutes of incubation at 37°C. The

I n t e R t i o n a t e d  horn euig lohulin inhibited C3 conversion in PNHS to a greater

e.ztent than tire norma l euglobulirm (Table 4). However, none of the TEAE

I n l e t  tons oh’ e i ti u m ,’r th e normal or burn euglobulin inhibited C3 conversion in

PNIIS at 30 or 60 minutes . These results suggest that other chromatographic

ule t luodil; ~ h m o u u l d  he 1; ,ed for fractionation of the inhibitory proteins from burn

and norma~ m u g lobulin.

b. Discussion

Al though the results described above do not comp le tel y exc lude

Lii po s s i b u  ii Iv  that  reduct ion in C1 conversion by inulin in the burn sera is

c lti.e l b~’ ~t d e f i c  icn cv  o f  c r 1  t i ca l  norma l serum proteins required for C3

e n .  ens  ion, t h e y  provid e s upport for the concept that this complement abnor-

s h Iv  i s  c.uuu ~~t d  by an elevation of a norma l regulatory protein . The protein

- u m s i r I u ) h t u l i f l  and appears to be present in greater concentration in burn

S t S t
V

. I  t h o u  i t s  n uuri u cm h ser;I .

‘lime 1 m m  h a l t -  protei mm i~ probably not C3b inac t ivator  (KAF) which
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Fig. 15. TEAF chromatography of burn eug lobu lin . l~zo ml of euglobulin

were app lied to a 2.5 x 40 cm column. Fractions were assayed

for optical density at 280nM.
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j a b l m ~~~~ ~- V L~~~L!.~.L~ 
I~~jnulmn ~~~PN1iS Su~~,] eIi u u . : i  ~~~~~

L’EA E Fractions of Euglobu ll.n Prepared [roam Nornia l

or Burn Sera

Prote in
Concentration C3 Conversion by inulj nb

~~~~V t C t I O f l  Source of Fraction 7.
of

ii. ;ure a Eumg lobuil in mg/mi 30 nuinutes 60 minutes

~IIhiS ~~~~ 46 .4 -4- 4 .0 71 .9 ± 3 .2

uir - : i: l i u u ;~;t e d  Nonuta l 16.~~ ’ 7 .7 ± 4 .2 26 .6 ± ~~~~~

e V 
~ lobuulin

i-~t c t i o n  1~I 0 4 ’  73 .3 ± 1.3 91.6 ± 3,4

Cniv I ion 0.80 55.0 ± 0 ,60 81 .8 ± 1.55

F .— iOn  ~3 2.85 55. 6 ± 3. 3 77 .0 ± 5. 1

FrsccLon ~4 0.84 50.2 ± 9.7 65.3 ± 2 ,25

V a l I s e  lionated Burn (Patient 6) 12.30 4.8 ± 2.0 4 . 8 ± 1.0
c57; Lobulin

T l i C V t~~~Ofl ~1 0.38 47 .3 -I- 12.2 h2 .6 ± 3 .0

ion #2 0.68 43 .2 ± 3.85 67. 0 + 6.5

Frsc ’~i ;r; t71 4 .00 44 ,7 ± 3.5 69 .0 ± 10 .2

i:~~~ V L m  ( < 1  #4 1.07 50.2 ± 1,5 72. 2 ± 1.7

Un f r~~~t i sn;ted  Burn (Patient 7) 10.0 4 .1 ± 1.0 6 ,9 ± 2 ,3
l u tm )fl 11 n

- i - ; c t l o n  t~l 0. 26 61. 1 ± 4.3 85,8 ± 10,1

I r e  hi ;  fl 0.11 62 .0 ± 5.3 83.8 ± 11.1

t~~un ~/ J 1.3’ 66 .6 ± 10.2 74 .6 ± 4,8

‘ - a i i i  t/ 1 G.l~ 65 ± 5. 8 78 .6 ± 2 .9

: u’ f lL  L ion ‘nLx tu re l ;  consisted of 50 ul of PNJ1S, 50 u l of eug lob u l in
- 1 ( t Nuul , and 10 til of inu ml in (100 mg/mi) . The percent of C3 conversion

;u ‘1 vi fl timimc per j ui l  was determined by the formula a- b/a x 100 where
lie conccnt ration of B antigen of C3 at 0 hour and b was the

C V O i i V < V f l t  a i t  ion of  B .inI igen at 30 or 60 minutes.

m l h- meh I  ~‘V m l im e repre- V f l t S  Lime mean ± standard error of the mean of dup l icate
ii I - : “  m u~ it i ‘ni •
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i i i . i i  vat i : , ( lb thereb y inh ibit ing the amp Ii f i  cat i on  loop of time ;tl terna t I ye

IuV ~ :ty f i u ruu m e mi b y t Ime Ci co nve r tases , C3b , B or C3h, B, P. Quite recent ly a new

regm m i t t  i cy  pro t e  i rs , ~ 1H, has been discovered (38 , 39). ~IH potentiates the

n m - t i v ~m t i o n  of  C i b  by K.AF and , in addition, d i rec t ly inhibits C3b and the

a i t i v i t y  m l  t u e  ;i lte ru l i i t iv ( 1  pathway conver tases  C3b , B anti C3b ,B,P. The protein

I t s  l )emIi i -eiljted front normira l human plasma and shown to be an asymmetric

iim oleei ~he with a utm oiccular weight of 300,000 daltons . The protein is a

eu m ~lohuul j fl which is distinct from KAF. Our future studies will be directed

t m tmtcd deternuinin g if reduction in (23 conversion in burn sera is caused by

an o le .  d Ij o n  of  ~IH or another as yet undescribed regulatory protein of the

a l t e r nat i v e  pathway or by a deficiency of a protein or proteins required for

alternative pathway activation .
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B. (9mang,es in ilumorti 1 Components of  1-lost Defense in P i t  i ents  wi t hu

Non—Burn Trauma and in Septic Pa t ie n ts  wi thout  Trauma

1 . Resu l ts

lii our previous pum blisi med st u d i c’ s (8 , 9), and in the studies cited

in sec t m u m  A - i  o h’ thm is report , pat ients w i iii burn injury were found to have

multi p le al terations of comp lenment and imu im imn oglobu lins . Some of the humoral

alt erations were dcmonstrated in the bmi rned patients during septic episodes ,

whm erm ’:ms oilier alterations were c learl y unassociated with systemic bacterial

or f iunga l infect ion . The present investi gation was undertaken to determine

if the changes in comp lement components and i mmunog lobulins which were

demonstrated in septic and non-septic burned patients were unique to patients

w i t h  bu rn in jury or were also observed in pati ents with non-burn trauma or in

septic patients withou t trauma . It was hoped that the information obtained

f rom time investigation would help to establish the etiology of the humora l

alterations in the burned patients and to provide new information regarding

t u e  integrity of hos t defenses in patients with non-burn trauma .

Levels and activities of components of tim e classical and alternative

comp lenment pathways were first measured in the sera of ten patients with blunt

or penetrating abdomina l trauma . The serum . -m rn ples were obtained from the

patients within 6 hours following the injury. Pertinent clinical information on

t h ~ pa tients is given in Table 5.

‘Pie el:mss ic :u I pathwa y as measured functionall y b y tot al  hemo lytic comp le-

ci  (Cu 50) was rcduuced in the patients ’ ser:m (p < 0 .005) (Fig.16). Immuno-

c i m o n u i c u l  l u’v ” l s  of the classical components Cl and C4 were slightly decreased

iu i t hi ~ t r .m um nm a sera in comparison to the norma l mean levels of these components ,

however time reduictions were not statisticall y significant by the Studen t t

L C S L  ut  a p value of less than 0.05. The inmmuinochemical levels of C2 and C3
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fable 5 . C l i n i c a l  Ch a r a c t e r i s t i c s  of  Pat ients  w i th  Abdominal Trauma

Patient Type of
no. traumaa 5~~ b

1 P M 27

2 P M 30

3 P M 33

4 B F 55

5 B M 20

6 B N 19

7 B M 26

8 B N 17

9 B M 19

10 B M 18

a B = blunt; P penetrating.

b N male ; F female.
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Fi g . 16 . Inununochenical levels and fm j n ct j utu ’t u l  u lt iV i ty  of components of the

c lass ica l comp lement pathway in r h - i - ‘ri o f t i n  pat ients  w i t h

t h d r r n i nal t rauma . Tire dc t s  I -~ - ! u - I ,  I ‘ i  t u u , ’ : ,  I c  u i  I j i l  l i u t l  , m m m i

t i im  d o t ted  hor izonta l  lines re p u  - t h e  uu ,e; mru ‘ j u l i o -  h r  I hip

liii en t grou p. TIre s Isaded areas r e m  p m  ‘~,eu1 t t lit normal ranges

(u: ut t i t  .‘ i~I) ’1 eu’ ~‘ u c Iu detmnuuina i  i i i i. Time solid horizontal lines

I ‘ p l u S  u t  Liii ’ Fm OI’ uIt . m I  u u u m ’;tu va lues . l it  j :. t ic t I  analysis was per fum ri . Vl

h’. Lt uu ’  : ; i u b u i t  t tes t .



mmmc d to hmi norma l in the scm frouui thu lr auu: ,m 1 .1 im-u i ts  . ftm te  d e c rc : t ’~

i i i  Cih- ~~ m i i m m ;im’ t m I t i m  be rel uted to the leve l t u f  C~m w h i m  Ii ~ as i - n d  t m  hut ’

s ign i ic , ,uI :  l y rm ’duu ced in thu patients ’ sera (p < 0 .O i ) .

I T u m : m u l ’ c i i e r u t i m m i  and lu i n c tbo n al a c t i v j t i i  p1 muuipmmni -nt s -f t i me m! t e rna t ivm ’

‘.mNiii - i V 1’ l’e - m l i m u  i m u m i n d  to be abnornia i in t h u r  Sera u i  t i m e  I r Oiiui i p01 i m nt ~

C ,i C m 1 n V C t S  i on by CoVF and i mnmunuche nuica 1 love is c i  p r m m : m u  rd in - m u d KAF were

t uu  h~ s i g n i f i~~ i umt  lv reduced in the c i i i  of thu t r -i IFuua patients (p ~ ‘) 0 2 5)

( F i t ~. 1 7 )  , Ci conversion b’  inuu lin and f~ u tor B levu Is were fo u nd L i -  be norm - I

in ti n pit  I out s ‘ ,; era

Iminunoglobii u n  levels were also measured in time se ra from the trautha

pat~ erm ts . Levels of IgG, IgA , and 1gM were red uced in the trauma sera (Fig. 18) .

flowever , time onl y si gnificant reduction was in the level of 1gM in the liatients 1

sera (11 < 0 .01).

levels aumd activiti es of components of th u r cl assical and alternative

comp lement pathways wm ’rL’ ne:.t determined in the scra of ten septic patients

w u  tho um i i raunem . Cl inic a l information ‘mnd bl ood culture results on the patients

a rm’ shown in Table 6 . In six of the ten pati ’nts , serm um samp les and bl ood

ci i  I t i rres w e t ’  obtained on the same day. In the other four pa t ien t s , serunu

sau p ics  were Obtained one to three days a f t e r  the blood cul tures when ti re

patient s Wet.’ s ti ll febr i le . None of the patients were hypotensive at time

of samp le co l lec t ion , however four of time patients died of septic shot- k on the

t o !  lowing day.

I t  i mo u i ph i  t h u r m ’ u  of the patients had decreased total hemo lytic comp lement ,

1 m ’:i ut Chl~ a m uir (1mm’ silent group was inc reased over t u e  norma l mean value

((‘i ~~~. I m u )  Rc dt m c t t m i t  in CHiio in the t h ree pat ients (#2 , 5, 8) may have been

ru i l l  ml t m  t im e  i r u t r m d t r l  y i  ng dis ea se-i which were mvas then ia gravis , care m ona ,

iii ,
~,i t ro i u-il eS I  i n i l  hle~~di rig. The decrease in CFI )1) wa s not , however , found

lii u re I ‘ t e d  t u  l i m e  t i r e  ml samp le c o l l e c t io n . The norma l mean values for
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Fig. 17. Immunochemical levels and functiona l activity of components of

time alternative comp lement pathway in the sera of ten patients

w i  f lu :uiidoniinal trauma . The dots represent va lues for each pat ie nt ,

.tii..t l ime J u ) t t t ~ui ium mi’izonta l lines represent the mean values for the

I u n i t  ~~i’ uui p. liii’ shaded areas represent the normal ranges

(me mo + 2 Si)) b r  eacim determination . The sol id horizon tal l ines

represent time norma l mean values. Sta tis tical  analys is was performed

by the Student t test .
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Fi~~. ~~. Leve ls of IgG, 1gA, and 1gM in time sera of ten patients witim

abdominal tratuuna . The dots represent values for eac h patient , and

t’ Iue u io t t t ’ h hori~’,u u rmt ul lines represent the mean values for time pat ient

‘~rout p. T h e  s iiadm d areas represent the norma l ranges (mean ± 2 SD)

I m c e~~m, hi detu~rnui nat ion . The solid h orizontal lines represent the

im ruui~~l mean values , Stat istical analysis was performed by the

, tuiu jt’nt I t e s t .
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‘I’ab le 6. Clinical C h a r a c t e r i s t i c s  of Sept ic  Medical  Pati ents wi Li m p u it  Trauruta

i’:itient Infecting Underlying
n u , , Sexa Age Microorganism Disease Post  j t i f u m tt i uj n

I M 74 Serratia marcesccns chronic obstructive 0
lung disease

2 F 54 Kiebsiella pneumoniae myasthenia grav is 3

3 F 52 Serra t- ia  inarcescens organic brain syndrome 3
with ruptured appendix

4 N 73 Enterobacter cloacae intercerebra l hemorrhage 0

5 N 62 Esch crich ia col i car c inoma of lung 2

6 F 38 Staphy lococcus aureus none 1

7 N 54 Streptococcus pneunmoniae pneumonia 0

8 H 30 Escherichia coli chronic alcoholism with 0
hepatitis, gastro-
intestinal bleeding
with peritonitis

9 M 60 Stap imylococcus amireus chronic alcoholism I)
with hepatitis

10 F 39 Streptococcus pneumoniae pneumonia 0

~ 
bi = ma Ic ; F = female .

I, Days  pos t i nj e c t ion indicates t Ime number iii days after  tIme
h m i , ’d c iu l L m mF& ’  was obtained tb-i t time serm inu : uisp le was collected .

Z ’ru i rid i c i t  m m  t imat h ut’ c i t  I t o  i c  and serum 55 r p m 1 e were obtained
on t im f~ S am’s’ day.
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Fig. ii. Inimunochenmical levels and funct ional  act iv i ty of components of the

classical comp lement pathway in the scra of ten septic non-trarinua

patients . Time dots represent values for each patient , and the

dot ted imori i.oiita I lines represent I lie mean values for the patient

~runm p. Tire shaded areas represent t ire norma l ranges (mean ± 2 SD)

for each detenimination. The solid Imorizonta l lines represent the

norma l mean values . Stat istical anal ysis was performed by the

Student I test .
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ii m m n u u u u u u m m c i i m m u u i c a I Iev ls o f  Cl , C4 , C2 , Ci , and CS in (lie p:tl it ’ lit grout~m w e re

cqu i l v i  lent to t h e  norma l mean va Inc’s for these conmponen Is ,

Convers i on o f ’ C 5 by i nmilin or CoVF was numrma I in tIme septic non—tra uma

pat ients (Fig. 20) .  Inmirmunoche immical l e v e l —  o f  factor B, KAF, and properdin

were norma l or elevated j i m tim e patients ’ sum ra . These results indicated that

time alternative complement pathway was also norma l in time sera of this

patient popu i lat im m u .

Linmunog lm m bu m t in leve I: wet im also rneasuu ~-~i in the patients ’ sera (Fig. 21) .

Time leve l of IgC in tIme se ra was normal , w i m m ri’as the level of IgA was markedl y

in ,’ie,mscd . Time level  e l  1gM was significa n t lv decreased in the sera of the

septic patients wheum compared to norma l v i  liii’s (p value < 0.025).

2 . Discussion

Multiple abnormalities of i mu in u o m - il c omponents of host defense have

been cimar a cteristically observed following burn injury . ~e prev iousl y deter-

mined the tempora l sequence of alterations c l  conup lement , inmnunoglobulins ,

and opsonic factors in thermall y i n jm i r i ’d pa t ient s (7—9). In addition, we

have identified those lmunnora l abnorm alitic~ uiilc’Ii were related to the severity

u I  ~lme burn injuries and Iliosu’ associated wi thi sepi iu ’ ia~ We hypo thesized

that the changes in humora l factors whic im were unrelated to burn size might

not necessaril y be a direct consequence oi h i m  injury but might be the result

of trauma in genera l . Moreover, it was of importance to determine if comp le-

ment consumption which was fomi nd to be :Issuui i,mt cd with septicemia in the burned

~ u m 1 e ntS was merel y the c o n- im ’qu mence of ti me i n fec t ion  per Se or resulted from

1 synergi  c t  ic e f f e c t  between the in fec t ion mmc i th e burn injury.

Abnormal i t ies 01 both the c l ass i ca l  ui mI u lte rnat ive  comp lement pathways

W (’t ’u ’ io tmn d to occur i nrjneuh i.-m t elv following :;, “i re b lunt or penetrating abdominal

r , n u u u u . m . Cenvers ion of  C l  by Cm ’iVF which is .i tu m nc t i o na l measurement of the

- u II e c i t  I ye pathway ~~~ ri ’duncc’d in t ime s e r  i ‘ I ’ th e trauma patients , and

I ’ I
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Fig. 20 . Immunochemical levels and functiona l activity of components of

the alternative comp lemen t pa thwa y in the sera of ten sep t ic

non-trauma patients . The dots represent values for each patient ,

aimd the dotted imorizontal iines represent the mean values for the

patient grm up . Tire shaded areas represent tim e norma l ranges

(mean f SD) for each determination. The solid horizontal lines

represent the norma l mean values. Statistical analys is wa s

pert mcrmed imy li m e S tmiden t t. test .

62



-- - -“— --~~~~~ ‘- - ‘ -- -~~~~ -—- - -- - --- ‘--~~~ - - ‘ --- - -‘ ----

550 -
a

500 -

450 -

400 -  .~~~~ - 6000

350 —
• 

- - 5000

F ~~ 300 -

E 250- ~~~ 
- -

- 

- 4O00~~

‘ S200 - ~~~~~ — — 3000

ISO - ~~~~~~~ 
I

- - - - 
-

- 2000
.5

50- • 

- 1000
- 500

0 I I
1gM IgA igG

Fig. 21 . Levels o[ IgG, IgA , and 1gM in l ie  ra of ten sept ic  non-trauma

pat ients . ‘The clots represent va iii fo r  each p a t i e n t , and the

dotted horizontal lint’s represent tHe mean values for the patient

group. Tire shaded am - e~ms repres cnt cc normal ranges (mean -s- 2 SD)

[or each delernri.rmation . The sol id horizontal lines represent the

nmi rma l 111(5111 vaimic s . Statistical a m , m l ys is  was per formed by the

Str ident  t I
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tie’, r c a  s in t imu ’ [ i’ve  1 oh properd in and KAF was a iso demonstrated in time

t r i  uni t si’ r i  - CII 
~~~ 

. m f umn c Ii ona 1 mea sum reruuen t of t i me e’ lass  ira I pa t buw ; u y, ~nd

t ime iuuuuimiri ocl memi c i I leve l uu ~ CS were also decreased . Conv ersion of C3 by

inu lin and levels  of  f ac to r  B, Cl ,C4 , C2 , and C3 were found to he norma l in

th u pa lien ts ‘ sera  -

It is minc le :m r w hy C3 conversion by CoVF was reduced in the t rauma ser a ,

w lm i reas C3 convers ion by inu lin in time sera was norma l . C3 conversion by

i nmm t i n  req uu i res f a c t o r s  B, D, m i  t iat ing fac  tor , C3 , and magnesium ions

(17 , 18), and C3 conversion by CoVF requires factors B. D, magnesium ions , and

an addit iona l ecmglo huul in  termed f ac tor  E(40). It is possible that the sera

i ronc the trauma patients was deficient in factor E in addition to properdin

.ifl(i KAF. Further stuid ie s are required to determine the identity and signi l-

icri cci’ of defici ent or abnocn iy functioning alternative pathway components

in  t ime m-,u’t ’S frorir t rau ma pat ien ts.

Redu i c t i o n  in C5 in the trauma sera could hmav e resul ted from decreased

KAF . KAF in a c t i v a t es  C3b which is requ ired for formation of the alternative

pathway CS convertase , C3b , B,P (18, 24) .  A decrease in KAF wou ld c a u s e  an

increase in C3b which througim formation of the C5 convertase would result in

incr i’m sed tmrrnov er of CS. Act ivation of C5 leads to consumption of C6 to C9,

arid therefore these components are probabl y also reduced in the trauma sera .

A decrease in serum 1gM was also observed in the trauma patients. A

Oilt’ t)illIui i ta ut  rec lu mc lion in Serum 1gM (41) and properdin (42) levels has

‘i - v  i ‘ i t s  Iv been d ouuuiuu m s t ra ted in sp lenec tomi zod children . Decrease in 1gM

l m ’ v i ’ i  in ‘-u it ’nt s w i t i m  sickle cell disease has correlated well with sp leni c

- u ‘Iii t j u l  iS u u i c . m m c m i m ’ &’d by sp leen scanning (43) .  In addit ion, c hi Idren who

urumuli i’ m~im 
~~ 

t u n i c I usu uy c u r various hc’mo lyt ic di se;mses or for t raumatic rupture

oI 11 m m’ -
~
p local h ive m hia’ r i’ise d 1gM leve Is , s u m p ~)ortiflg the concept that there
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is c uurrc la t ion  between splenic mass and concentration of  th is immuno-

globulin (44). The reduction in 1gM concentration does not appear to he

time resu lt of decreased sp lenic 1gM synthesis , s ince 1gM synthesis could

be adequatel y ass u immu ed by ot h er reticuloendothelial and lympi-moid t i ssue . A l l

of our pat ients  had sp lenic trauma amld a l l  of  t lmose that survived subsequent!.

underwent sp lenectonmy . Thus, the decrease in 1gM concentration in the sera

umI ucu ir pa t ie n ts  u~emy Imave been re lated to s i leen damage . Our future studies

wi ii iie designed to deter ,’mine ti c , cm r r e l u t  i o n  between sp leen function and

T HM leve l in the tra urum ma pa t  ii r u t s  in an a t ?  nm i t to determine the mechanism of

i c  reduc t ion in the leve l of this i iimin u im i ’,~ I obu [in. In addi tion, it wi ll be

01  i n te re st  to determine the relationship iicc r ween sp lenic function and

reduction in properdin , 1KM, and C5 in the t rauma patients .

There have been virtually no investigations into the sequential effect

of  trauma on imunnura l host defenses . In am i t i  lion, t here are few studies that

provide experimental evidence tha t trauma does indeed increase susceptibilit y

to infection . Conolly et al . found sig nufi ~~antl y more infections in rabbits

in cc Lcd subcutaneousl y w i t h  P. aerug imios’m and subjected to mechanical trauma

to the thigh than contro l animals t hat  did not receive this injury (45).

Cutlubertson et al . (46) suibjerted patients with bone fractures to vary ing degre es

of cold temperature , 200C and 30°C respect- ive ly. Level s of IgG were the same

in both groups, however some minor fluctuam i ris in 1gM level were observed

‘~ltu!’ i n~ ten days  in t h e  grou p sub jec t  ~‘d Ic t h e  lower temperature . The cha nges

‘~‘t’rt’ l i m i t  impres- ; ive , sint e ,u Il va r ia t i ons  w~- - e within the norma l range .

Staid Los on the e f f e c t s  of wound t r a , u c s , u  on humoral antibody responses

n o  a lso I i u u u i t c m i . Havens c t  a! . (47) c o l d  ult’tec t no reduction in the an t i—

u i -d y res u n  se to (liplit ileri a toxoid in s h im i -  -negative wounded patients . Baich

- a c - ’,u’d tha t t ime secondary response to t c t nuimms toxoid was norma l in trauma

Pat lents (hi)

(~ r)



Trauma has been shown to depress clearance by t he rel iculoendothueli .’iI

sys tem (49- 54), phagocylos is by neutrop lu i Is (55, 56), and cell inedi a Lcd

inuuuur ni ty  (57). These cii~:nges are of short duration last ing duiring time f i r s t

few days a f t e r  traum a and ire followed by restorat ion of norma l a c t i v i t y .

‘lime cause and significance of these cellular abnormalities is unknown .

It, is obvious from our pilot stud y demonstrating cl-manges in humoral

cuinip000nts of h ost defense in traunma patients that further comprehensive

studies on larger numbers of patients are needed . It will be important to

determine Lire cause and significance ot the huniora l abnormalities which occur

icc llowin g trauma and to determine the  duration of the abnormalities ,

Our stud y did not identify any reduction in components of the classical

m r a lt e r rir tiv e comp lement pathways in septic patients withou t trauma,

‘, ic ~ m~t’sting that complement consumption in the septic burned patients was a

r e s u l t  m t  synergism between time iafection and the trauma . McCabe (58)

ruri’ v m~- csl y showed tha t C3 levels were decreased in medical patients with

~c ’l ’1 ic shock , as compared to C3 levels in patients with uncomp licat ed

h - m t  m ’ r u ’ m i~ m . l’he frequency of occurrence of shock or fatal outcome paralleled

the degre e o f lowering of C3 levels in the patients . Fearon et al . (30)

subsequent ly demonstrated decreased inununochemical levels of factor B, proper-

- u n  and C3,C5,C6, and C9 in patients wi th septic shock in comparison to those

;‘lt ~~e nt S  with uncomplicated bacterenmia , suggesting that consumption of comple-

riment umc c i r r r c d  v ia time alternative pathway. Mean levels of classical components

Cl ,C i , mud C.~ in liii bactcremic patients in whom shock subsequentl y deve loped

diii um m t di 11cr front those in patients with uncomplicated bacteremia .

A l t I m u m m m m ~ii none m c i ’ o u r  medical septic pat ients was hypotens ive at the t inic

i m i  s e r u u u u i  S ml icp le  c c u l l e c t i  on , 4 of the 10 pat ients died of septic shock on the

Ic  I I ow i im~ d c v , ‘ i ad i c c  (‘ u) mul p Iemcn t con sumpt ion ~;as demonstrated in t hese

p m t i i ’nts . 1mm c m b i h t i o t m , t ’ cuisuu mp ti on of the classical comp lement pathway was
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demonstrated in sept ic burned patients who were not hyputeme ’ive and

su rv ived . These observations suggest that c I assi cal c tm i im p Ieniu’n t, pa t l mwzmy

cunsmrrii pt r Oil assoc ia tc ( l  wi  lii se pt i cen m ia is urn ique Lu the t lmcriuia l ly i n  ju m r u . ’d

pa t ien t  and is probab ly re la Led Lu) the iru- r’ u ’ ~use d number of microorganisnrs

c ircur I .mi  Lug in LI re blood o lI i~ burned p., t e n t S

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



C . Normm ma l h!uirian Serum Opsonins for Qpportunist Microor~~~~~sms

1. Studies to determine time rume c lma. nisms of comp lemenL ac t i va t i on

and the role of immimnog lobulimi in opsonization of E. coli 075

am- m d othe r aerobic opportnnisL mic roor&aimisnis

a~ Results

In our  previous studies, the classical complement pathway was

, liom .,’ii to he utiliz ed exc lusivel y in burned patients during opsonization of

E. ccli 075. Serum opsonic activity for E. coli 075 and c lassical pathway

activity were decreased concurrently in the burned patients during the firs t

week postburmi , desp ite norma l alternative pathway activity as measured by

C i  conversion by inrilin . This observation led us to initiate studies to answer

two important questions related to the definition of serum proteins required

for opsonization of E. coli 075 and to alterations of these humoral factors

in burned pat ients . The questions are as fol lows : (1) Was the c lassical

pathway uti l ized in the burn sera during opsonization of E. coli 075 because

Ihie a l t e rna t i ve  pathway could not be act ivated, or was the c lassical  pat hway

ut i l i z e d  pre ferent ia l ly ? ;  (2) Why was time switch to an apparently func t ional

a l te rna t i ve  pathway and thu s norma l opsonization not possible, when classical

pat h way ac t ivity was decrease d in the burn sera ?

Our initial experimental studies to answer these questions were directed

L m w . u i ’d dc ’tu’u ’cs ini n g ii E, coli 075 was, in fac t , capab le of activating the

r l tcrm’m ativ c’ c omtr p lc,’~~ut ’ u u t  pathway. The lipopol ysaccnar ide (LPS) portion of the

c e ll wa ll of ~ ra r i- uceg at ive  bacilli, sucim as E, co li 075 , is known to be

r ’ a p i ’uis i h l c’  ‘ m~~’ its anticomple nmentary activity (59-61). The moiet y of the LPS

c d u l c ’ i u  i s  responsible icr comp lement act ivat ion is controversial. There is some

m ’xpcr i u u u e n t i I  evidence to indicate t h a t  it is the l ip id A moiety of the LPS

w lu iu Iu is rcap c u lm ; i hi ,’ t ’or tI n s biological a c t i v i t y  (62, 63). Because E. roli 075
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my Lhre Stui clm.’rit t t es t .

‘5

uuui glut In’ ,mn i (~ re m u m  I Ice nec manici num of ( (cliii) Iet uu m,’n) I act [VO L (mum it Wa S capali ii’ cm ’

j r- m i t  ict ing , we a lao invea Li g m to d  time abi lit ‘, of ot ime r re lmros ’ u c ta t i  vc gram—

ciega t ye bacilli and a g 1’ tc , — p e. A L is e oppor ( cmi t a t , S. ~~~~~~~~ tic a c t i va te  t i c ’

al u’rnat lye coiuc p l u ’ u c m ’ m i i  p a t hw a y .  In :, Idi I A c we included S ‘iad R forms (Rb

and Re) of S. minnesota m ’Ontai ni ng varyi mg au uamu nts of the pol ysaccharide

lco rc ion of  the LPS in an at teruipt to dete rnnci u , c t  t h e  moiety of the cell wall which

was u’ ss pot c s  i ble for a I ternai I vu t~ 
Lhw;my 0 ti vat icmr , S. ncinneso La S fo rm

conta ins a comp let e LI’S, Li i i -  Rb mutant lacks the 0 antigen and acety ig lucosa—

cane at tached to L ice terminal glucose but contains the rest of the basal core ,

m d  time Re mutant contains only KDO and Ill ml A .

Washed heat-killed cel ls of E. c o lA  (i,’ 5 , P. mirabilis 7056 , P. aeruginosa

73044 , and S. nuinnesota chemotypes (S , Rb , and Re), and S. aureus 502A were

t e s t e d for their ability to ac t Lvate the a lternat ive comp lement pathway. Intac t

hacterial cells u~ere used i’atlmer than purili. 1 LPS and lipid A in these initial

..~qmerimcnts , since there is evidence that Lii ,- stet irod of purification of the cell

ii co m ponents may i rmf lurer cc e their b jü1 mm ~~j~~ ci activi t ies (63). Parameters of

alternative pathway activation were (a) conversion of C3 in 10 mM ethylene

glycol tetraacetic acid (EGTA)-treated human serum supplemented with 2.5 urN

MgCI2, (b) lysis of glutathione-treated hum an erythrocytes (GSHE) in the

presence of human serum, and (c) C3 to C9 c onsumption in C4 deficient guinea

pig ssrum ,

to determine time minima l concent r a t i c im of magnesium ion (Mg2+) required to

alLu’ rniat ive pat imway act ivat ion in 10 eM EGTA-treated normal human serun

- - m Ff IA - t i  ~snted s c ’ ~ en was supplemen t ml with increasing concentrations

I ci ’ i u vc-i . i c u m  by i numl i n and I’SA-anti—BSA immmmune precipitates was

c i m i  m ’ ~ i f  ,uiç ih~~t ion at i/ m g. Addition of 2.5 mM MgCI 2 to

c l  in CJ cenvu r m m m c l  i c , - inultn equal te that in

- u i  ci m l  m m~ e I” conversion in this serum
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(Fig. 2 2 ) .  EGTA—tr ea te d  NIIS supp lemented w i t h  2 . 5 mM MgC I7 al~ o did n u t  cr ete

I vs is of sensi t ized ery thrucytes (EA ) providing further ev ide nce  t h a t  t im e

c l , m a s ic,t l conirulemmient l) iit im~~iY was e f f e c t i v e l y  i) lOCked , Addi t ion of  5 car 1’ )

ciuM MgC I to t Ime E C T A — t r e a t u ’ d serum r e s m i l t e d  in C3 convers ion  sy 1~~ ih i nou n

an I imrnumne p rec ip i ta tes  and 5 to 20’Z, l ysis of EA . Therefore, EGTA-treated NHS

strpp iemc iented w i t h  2 . 5  mu c H MgCl2 , hereaf te r  referred to as EGTA_N1IS_Mg 2+, was

tisem i in a u m b - e c i c i e n t  expu ’ r i nuentTs

W,i~~hiu’ d m e l  Is of ’ P. aerurg inosa , P. mirabilis, S. miumnesota S form, E. coil,

.,til m l ~“ . ,i(iI’ L IS conver ted C3 in untreated t’fflS, a ithougim none of the bacter ia l

s t e m  ins was as a c t i v e  m s inulin (Fig. 23) .  In contrast , S. minnesota chemo-

i v in’s Rh ,und Re w e r e  l e s s  c i  f i c i e r m t ti- man the other bac ter ia l  strains in convert in,~

C3 in N}IS. With t i re ex c e p t i o n  of S. aureus and S. minnesota Re , no statistical

diff erence was observed between conversion of C3 by the ot her bacterial strains

m r  in i t l i n  in EGTA_ NHS_ Mg2+ or untreated NHS . S. m i n n e s o t a  Re did not convert

C3 to  any e x t e n t  in EGT A_N HS_ Mg 2+, and C 3 conversion by S. aureus in this serum

,i,is s igni f icant ly  reduced at tIme 60 and 90 minutes time intervals when compared

to C 3 conversion by this bacter ia l  strain in unt reated NHS .

Although none of time bacter ia l strains W as as ef f ic ient as inulin in

in i ti l ti n g  ly s i s  of GSH E, E. coli and P. mirabilis were more active than the

etl mc ’ r ba c te r i a l strains in this test system (Fig. 24) .  S. minnesota S and Rb,

P . ‘ -c ~~~~ noi ;,m , and S. aureus were internmediate in initiation of lys is of GSH E,

imJ 5 . ‘ s i n u m ( ’ s ( ’ [ m Re w i ’ ;  i r mac i  ivc in the test  systenu .

1/! i ii t i n’  e x c e p t i o n  or S. ‘minnesota Re, all of ti - me ot her bacterial strains

i n i t ia te d C ’l to C9 consumption in C4 d e I i c i , n t  guinea pig serum (Table 7).

i~. ’o i i , P. r iu i r;uh i l i, , and S. minnesota S were ti-me m o s t  e f f ic ient  act ivat ing

s mib s ta rn - e s  f o l lowed by P. ;mr~rumgin,~~~~ S. aureus, and S. minnesota Rb .

TIn ’~~e i’ suu  I ts  i null r’~~tcd that E, coli 075 and the other gram—negat ive aerobic
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FINAL CONCENTRATION OF MgCI 2 (mM)

Fig. e2 . C3 conversion by inulln (10 mg/mi) “ ci inimmune precipitates (25 mg/mi)

in 10 mM ECT.’u-treruted NI-IS stipp ic uc ,d  w i t h  increasing concentrations

of MgC12. The solid lin e rep res t ’ m c ts  (
~i conversion by inulin, and

time do t ted  line represents C l  convers on by immune precipitates.

Time m r t i c a l  bar;, represent the c m i  mi d mirror of the mean of the

L r i i m l ie .mlc utet e rmm mi rma tio ns . ~‘3 c e o - -- ’ m s ion in untreated NHS by inulin

W.ia 19 -i 3 units and by inwluune pet m g i  ta tes was 20 ± 2 units.
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I
~

o

~~~~~~~~~~::
30 

~~~~ 075 3° $ minnesota SF 1127 (Rb)

30 S aurema 5024 30 S mmnnC~ola SF 1167CR.)

mNCuBATm O N (mrn)

Fi g. 23 . C3 conversion by inulin (10 mg/mi) or washed bac terial cells

(1.0 ~ io9 c e l l s / m i )  during 90 minutes of incubation. The sol id

l i n e  represente C) conversion in NIIS, and the dotted line represents

conversion i n  NII S_ E GTA _ Mg2+ . The vertical bars represent time

stmnda r ,i error c m f tIm e mean of trip licate determinations . *p < 0.01

vs . untreated NIIS at the same time period. Stat istical analysis

was performed by the Student t tes t .
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Fig. 24 . Lysis .a f GSH E initiated by m u l l - (10 mug/mI) or washed bacterial

cells (1.0 x IO~ cells/mi). Y / l - i  of 1.0 corresponds to 50 percent

Ivais . lysis it .  t ime ahs u,’ m c c -  c i  0 -  act ivat ing substance was 0 .041.

l’oints represen t the average of Ju iclicate determinations . Activating

suhst  mim e ’s w e re  as fel lows : (I) 1 1 in, (2) E, coli 075 , (3) P,

m l i i i ’  i l l  a / 0 1 , ( m )  S. minnesota at ’ 11 1 4 (S), (5) S. minnesota SF

1 1 2  / (Rb), (~
) r . tei’u m ~~i c s,i 1 ) 0 6 - m , (7) S. aureus 502A, and

(8) S. tin t m mr caol.i SF 11 ( (Re).

7 1



—--——‘

Table  7. Consumm mipti on of C3 to  C9 liemimo lyt i c A c t  i vi ty ml C4

D e f i c i e n t  Guinea Pig Sc ru m imi by Inu lin (10 mg/mfl

or Washed Bac t e r i aL  Ce l l s  (1.0 x i09 ce l 1s/ml),~~

Activati n g substance C3-C9 Consumption a

In u l i n  92 .05 ± 1.15

E. co l i  075 82 .85 ± 1.95

P. mirahilis 7056 76 .60 ± 0.60

S . mm m innesot a SF 1114 (5) 67 .90 ± 0.10

P. ac rum g inos a 730 44 55. 15 ± 2.85

S. ricinncsota SF 1127 (Rb) 50.0 ± 4.30

S. aureus 502A 38.50 ± 9.6

S. minnesota SF 1167 (Re) 9 .50 ± 1.20

Saline 4.50 ± 2.0

aMean val ime s ± the standard error of time mean of triplicate

determnin a t ions are represented .
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b a cilli wim hel m -.~erc t e S t c c J  were capable ni l ;mr t iv ,t t I mm g tIm t ’ a l t e r n~it j v r  ctcun p l ’ n  it

pathway in norma l s erum , In contrast , S. aureums was ic -,’; ef f i c i e n t  in imiit. i st ing

a l t e r n a t i ve  pathway , m t i v at i o n , llt h c m u g l m  i i  k - i s  v e ry  a c t i v e  in i n i t i a t i ng  t ime

c 1;m ss iCS I p ;m thunnm y . Pre I mmiii ,; c ’ ’  u c a u  [ t s  cit 
~

, 
~~~~~~ cul l  ,,‘ i l l  mutant s  of  S. minne —

soi l i nd icated  that l i e  pOl vc ;mt ’clm ar I dt ’ ~ m C 0 01 tine ce ll  w a l l  of gram—

~m ’gs live haci lii ‘vas m ’ sp ’o ;’ . ihle l iur 5 I t  ‘ m  i i  L ‘ ~. p .mthwa v act iva t ion, wh e reas

the lip id A moiety was res pon- ;  i tile fs i  dt ’ i v  I - mc Or t i e  c l ass i ca l  pa t hway .

i’lces , ,:sic —m mm ’g - Itiv e bacilli wi ti c an omit , m i i  d sm ’; u-x p sst d polysacchar idc cell

-,~a l1 moiet y , s mnch as I, i,iii t~ 07s , Sli ce Id hi m -~ h u h -  of ne tiv at ing the alternative

p , i t ! l w m y  in t’i t i ter norniu l  m m  h im mc e m ’s . A 1~~rc,’ e’ m mm ~ ,f inmncune IgG ,‘ i n t i t mm d ies

i I~h i~~. howevt’t’, d i v m ,?n’l conm p i t ’ ; c a - c i t  a h u h , I -  - m inim time ,m l ~c ’ r i ut t i v e  to the cla’-i e i —

c m l  p m ;  mw -m y by vjm :t ce m m t  l’s -d i m lit cut t im , - n a t  m b odies 1,’ bind to the Clq

pot  t u m u r m  of  C l . We h~~pic i l m - s i ’ m’d t h a t  c a u s e  n o t  l i - d ie ,,  nmiigh t ex i s t  natural ly

in hu man s e r m  or be prod ’mc d is -n rm ’ ,-,u  i t  cii I dii ,in i stra tion of P. acruginosa

‘J ;mc~~inu , since all ot  our l m m i - c m m ’ d  pat l e n t - - 1 i &‘c~-m v ed time vaccine. The a n t t —

h d  Ic- ’ ; in i l d it ion to di v i i  ‘
~~

‘ ic t I v ml 0; i I c - I asci i ~~ I pathway migh t

block activation of the alt e rn a tiv e pattiw m~ , t~~- : ’ l - s  m ’\p lain ing why opsoni-

Z i l t i c i )  0,  li c t - h i  0 / S  did net pt’ m’ceeni n m , ’ m m ; m m m  i v  in ti m e hurm i ‘~~t s - u  when class ical

p~’mihwav u t m v m l y  w ,m. i c ’  ‘ ‘ ‘ u- - mI . tmmur’c ’ lgG i i i  h l , i c i ,’ r i ; , l ant ibod ies  w h i m  I,

t r m g r m ’ r  Ins (cii p-’mt liw av ; m c - t i ~~~~ t m in m r b ’ ’  m l  I m l u h c ’  and promote pha g o c y Nu c i ’

and m i m e .  I h m n l , u t  (cii! nng i i  nm ~ Ot i - - I i ’ )  t riLe of u nm i h u i emen t (2a , 27 , l~~~) .

“im t I ’ .’r~~~ m i & ’  m~ ; msc ; r u ’ d  L ime h i t  ~ t , m S ! t ’ , ‘ ;  - , ;u t iv i t y  for E. c o i n  075 -I

, cm r u ; m l  hm c n m ti , uum - m m m ii (m- r i f - 1 , m , n ~~ id c - i ’ m !  c r c , and set’s frt’nm i)ur;. u ml

pat l u - u i  ; w ia’  I i,! T m ’  ‘ ‘ I- r u ‘ m ‘ ‘ cm i ,  ( ‘ i  c ‘ - c a m  I - R c l f l u ’ t L , ’ m a p l , ’ .

il ’’ ‘,‘ m ’ , m ~I& ’i’ c Ii ’ ’ - m ted ,m & i~~’ I’ i i  u 51 c m l  m m -  - m m m l c l ,c mii( ’ a ct iv it , fet’

~. u - m h i  07 5 at a 27, am m c cl - ‘ m m m ’ m c t ; ’)t i ’- w,,i , - a , ’ ’  l~ Th i s  concentration was

c r 1 I ii ?‘, c(t hi,’ ic  s it  v c a cumum i L i ’  6 ’  t i m , m m ;  - - cli,, , c i t  o h ’ PN1-IS required to

‘I
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m m ’ ,r; m m L e ’  j j , , ix~~tm u , m i m l  n’ am t ’ I I c m l , u n  k m  [ I i r i ,~. m ’Nll~ , ! m  m l  mo mc i b m ,  I m ’ ; m e , u u t m i u  m m t j c ,’ i m  i’

I c i’ I’.. m,’c ) I I  ( 1 /5  t i c  i’ m ’ l m c ’ , m t  t m  - i i  ‘m c i i i  w imu ’ mm m m ’ i i ’ ; m m i  ‘ui c ‘ m u l L ’ m t c ,’il ‘~h h i ~ (I ii’,,

it ’ m ’ i,’ m  - m n;, tim ’ ’ c ‘ii, ‘ ii I u’ , i t  j , ‘ mm u t  I ,, ’ - m i  m - ii !‘!‘Il l~ m c i m u d  m m ‘ I Ii c ’ ’ ; - - ‘ m l ,  I -m ‘,‘ c l i  ml

i u’i ‘,m i l ’ ; t , m m m l m l i v  u mmm p m ’ c m v r ’  m is 
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- , ,  u i ’  m t - I i v i t  u ( i c , . I m )  ‘f~m , n ’ l m ’-~
( m n m j c  Iii, I n v ;  u ,

c i ‘.,‘ r m  i i m c i ’ c m c m i i  m n d m ’.’ n 1 m m - m i  i l c n m ! m , m l  d m u m m m m  S s - u ’ ~ ml ,, ’ l ’’ r m u m ’ l  t , ’  1,~ - I ( m i m i - m i ,  1 ‘ v

i c  I t  t n , - , s t’’a ’im ( (I” ig . ,’7). fl;, ’ - m p i -~c c u i i c . m m  ( m v m 1  ‘m ’ m i t  - n  m i t  set ‘ I ’ m - m s - ; m l c ’ s  i c

‘ m I t  I , ,  m t
_

i l  i,, I ‘ it  i c u l t a wm to l i - c , )  m m  ‘ c V t d  ‘ ‘ c ii;’ / ‘  I! c c  i i~ ~~~~~ 
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- c - m ‘ , m - I I

s -i m c  cmi , 
-
i - mmmd B ml - m ’ . ‘ - t ci - m u - m I m , - c nut m c , ’ ml wu - , I v m i i i .  iv i 1 s W m

bc . ~‘m m - mi m i , I I t m m I m u ’ ml  m u  m, , i’ m - I  ‘ ‘ m  i c c  I c  I I I e It I ,  n u t  , c ’ i c - . c  tm m m  m - t iv m iv m c i  t i c

m W I  t ’qi m i V  u t e n i t i c  I mc ’ c c l c ’ ; m c l m i ( -  S t  i v i t ’ .- ~m l  t I c  - m c m l  ‘ 1  S e t  c . m u c h n h ’

m ’ p s m ’ i m m u ,’ m e t m v i i ’ , r c ’ci ; , u m u m ’ - ul m l  c , r b ut - m t 1 m u - ~;, I ’ m ’  am m c  - t i l t s  h u c m i i u . i t c - c l  ‘ I m a t  c m ’ —

,sm ul c l , ’ u j m - - ’c u i z m n w  ~m n t i l ’ ’ , l i c  ii’ L . c i ’ l ( i m u  . , c ’ r c  m c m ’ t  p m e s ’  m c i  I i i  l,ic -
~~c it- c c i r m t . -

ti l I ii. ’ S m’ n , m I r u m  c m  I i I t ime n m rut., I ‘, ‘ ‘ m ;  I t c  - I - a ib m , - .‘.um (‘i- m t i ’ u ’ i t  I ,‘,,i ~. - l~ t i i - I  —

,
~ I t  I ~, f’ c I ,, u I m - a t i, a ‘ i t  m ,c .m y i i i  t h i t ’  I c - m i  ‘ m ,i n.,  c$o r c c ‘ iip~~m ‘ i i i  ~ i t  i on ir  I ~~~ - m c i i

i m t  cm Id I l i t - i ’  I , ’t  c ’  n u t  i i ’ ’  S ’ i m  ~‘ l - l  ~l icy t I c ,  ~‘i c ’ sm’ f l t  p i miitc c ‘ c  an I I i r .i ( 4 !  I i

mu ’ i i’ ’  ‘ -  Ii m ’ ‘ - lii i
’ 1 1! t - II - ‘ ‘.~ c l i m i t  t I ‘ n I t  - - , i , ‘ t - ‘ It - I’ I m y , ‘ci m u m ,  r’ - ‘m u  l u  - ‘(‘-‘ .

S .i I i ’ m  u c j  t 1mm a mmi i i  t’’ ,‘ - m u  m - mn ,

1 m m  acm i t l  , mi’~ i t m ‘ - i ’ - ti m . ~c i c ~’ I Immc m c l - m m  1,1! ‘I,,, ii, m m c l i  - ‘ ,~a r - l  • n~ t Ime rt ’qu ; ru - c - ci t

I ’ m ’ inin r m m m u o g i  ‘ I - u n  m m ,  ‘ ) m : , c ’ m l m / . .t m c c i  u~~ E . m - ’ I i  i l / ’ ~ , we m n t t & a t . ’ d  r x I c e m imflt ’f l ( ’.

- m nn! !~ i L ’~~’ t i m u ’  m ’ I m a ( u I m m ~
, mu m v i i ’ , nd j ’ ,

~
.’ ’ m c ’ ’  c , c ,~ m c . , c  ‘ ‘ t i c  I t m - a c m  ‘ h:-

‘ti m ii’, I liu m Ii  i c c ’ i  ii, s c m  m w c - r  cb ~ t ‘i i  m c ’ ’! t ori, I t m u m  - - 1 m i I, m t i l t  c te cm i - ‘ .ind u c ’f l i  - c I ’ u , - ( l

‘ L m n i i , m I  I I  , nn uimu um mit i on  i~~ ;, 1, “ .m ’ cml i~u~ I - - c i u ’ ~ i mi ii In  t i c  I. - u -nd t , i  Fl  g .

I’lm ’ ’ mc i ’  : , m n l  m u ’  ,mu ’ t  iv i  Lv m u t i m e  ‘ , ; c c c g , m I ’ m I m i . , , ;  I m ’ i m , I i  1 , 1 1 m m ,  a c m  I w ;ms e q m m i v a  I’  - ‘ u’ I m c

, ‘ m ’ ~; , ’ u m l ,  a I i v m t v  ,c l ‘Nil ’ ((‘ig . .‘ “~~) . ‘Ili ’ ’’- ’  m c -  c u l t  - ‘ - c , ’ ‘ - d i d  n m m k n m l ’ , , m i  r i , - , i t

u ,, ~~~~ i i i u i m l m u i u u g i~~i u m i  I i i; t i n  -~ ‘ am m m I Z a t  I ‘ ‘ i i  c i  I , ;, ‘ I i  m~~5~

‘liii ’ cu p 5 u u m i m c ~ t m v ii y ol Im ; -n im ly pin- i t d  m et I i i  ;, ‘ ; ‘ lm , mm l  IgG I cmi ’ E . m m i i i 075

;, ma ~i l . u ’  l m L , ’ . I a i m L’ c ’ ,l . N m i r ac , m l  l~ ’,G w ,ms ; ‘ ; , u  1 j~ - ’l b’ , i b m , ’  ‘;im ’lIm od of Sober t - i i . (u 5)

and mh i .m i ys -d ,‘mm~ l i u m , t  0 .0 1 Ii plmocip h~i L c — b i m f i u ’ m - ’ l  sal ine , pH 7.0. By inmmmmn oel m ’ ; t ro—

- ; c o r c ’t  ic aii m lys i  a us ing  an ti  —who le  human sc. ’ ru mtm , t Ime preparat ion contained a
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i N c l ’~ iimr i t i c ’  ( c .  m m  I . ( ‘ u ! ‘ i ib ~- ’  ~ I’  c i t , i i i , (3) PN1IS, hm , ’;m ke—

( ‘ V i i ’ s  i i i  m m m l m m  , ) , c g 1 1  i,,, \ c e ,, m i m i  )‘ - Iu ,’te r ia , and

(-
~)/ ~‘N lme (, ,(- ‘‘ t~ , 1(1 l , h i m n d t ,’ s ) , Ic , u vic., ; , - mnd bacter ia . The

d i m m , ‘ci ~~c u i t  n - u  j,,;
~ ‘ c . ’ )  j r h’ i ’  u. i imc mm ;;‘,xiti rcs was 2~,.
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1 m m  - i t i n i ’ ;  w e re  - m ’ - ~ted : (1) It’tm kuuc :1(5  ‘mud i-’o ic tcr ia , (2) unheated

i’NIIS ( 2 / ) ,  l , ’ i m k o c v t  c ’ s , arid b - im tc ’ ri a , (3) 2 7. PNHS (56°C , 30

mmm i nut ic ’s ) , i c u m k i u c .  ytes , ami d bar ic .  u - u , t (4) 50/s PNHS, leukocytes

;mnd hi , : t m m’i a , (5) 1 07,- ” PN1IS , Im’ uikocyti’ ~~, and bacteria , (6) 207,
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Fm ~;. 27 , Opsonic mc. - t (V i  i_ v c, m 1  hi ’ .itt :d a;,’] unhu c i c .’d individual norm-al sera

I ‘ u’ J’ cii Ii 1)75 k 31m(’ ml  i u i  I i n ~’ - m m e ’ - - I t  un ihmeated sera and t he

dotted l i n mea m’ ,’~ t c a m - n t  lm c.’, m i m -  - a t m  - l i t -  t m u nni ibi_’rs fo l lowing the 1m ev

‘ u-p ; u ’ s cn  I t.’,i(’lm n,m rmulmm I I mid ivi dm n;~ I 
‘ IOf l  ‘c.- u . Rc.’ic t ion mixtures

m u s t  aLi ’d ril seru nm un , i m - ’ i k c , i ’ v i  - n ;  ‘ t m  teria . The serum concentration

mm a l l  c c l  t i m ’ ’  ream’ t iOfi  mI l x i,  L’ ( - s ’~ ,iS 27.
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Fig .  28 . Opsonic activity of hypogarmnn aglobumlitmem lc sera for E. coli 075.

The following reaction mixture-; c~ erc tested : (1) PNIIS and h ;m cteri:m ,

( _ _ ‘
‘

~ 
i’N]IS. bar ie;’i a, amid le l ; k m ’ c v  Lea , (3) Icuikoc yics and haL 1 , 1 1 : 1 ,

‘,c .;,;::;;::,l,~l ’ o I l i mle ;~’,iC s er;ir’ L (HS 1) ,  leukocyte s, and h ; m c t e r i ’ m ,

4, ‘ ‘4 hiS ’ , Ic ,’t m kc c evii ’s, and btm c i’ ’i i, and (6) HS3, leukocy tes , and

h,a’t, ’m ’ i i . ItS 1 com’m t .mim ie d 780 mlmg ”/. o f tgG, < 15 mg7, of 1gM , and < 24 tmg,1

01 IgA . 
~~~ 

contained 300 nmg7. of I gG , 16 mg °h of 1gM, and < 24 nmg7,

c ’ l [gA . IIS J con t ;mined 240 mg?, of IgC, 29 mg7 of 1gM, and 24 mg70

of IgA . The ‘ e rum m c oncent ra t io n  tm s ed in Lime reaction mixtures was 27,.
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sing le arc migrating in time ganmia region . By radial im r nmum ’ modif f m msion , t i m e

preparation was found to contain 10.25 g/100 mm ml of IgC ; IgA and 1gM were unridi’-

tectable in the preparation . The preparation did niot pro m ote phagocytosis ol

E. coli 075 by le im kocyles at  a I0~ concentrat ion (10.25 mg/assay) (Fig.29).

These resu l ts  provided fumrt h m e r support for the concept that IgG antibodies

capable of promoting opsonization of E. coli 075 in the absence of comp lement

were not present in norma l human serum .

In addition to the studies described above, Wi? have continued our efforts to

obtain recognized components of the alternative comp lement pathway in purified form

from norma l human serum . We have suc cess f ull y purified human C3, properdin , and

factor B,and our efforts during this year have focinsed upon obtaining factor 15 in

p u r i f i e d  form . Now that we have shown that E. coli 075 and P. aeruginosa 73044

activate the alternative pathway during opson iza tion and prob abl y only activate

the c lass ica l  pat lmway under selected experimental conditions, we p lan to continue

with our approach to define the alternative pathway proteins required for opson-

ization by adding multip le combinations of purified proteias togethe r and deter-

mining the extent of phagocytosis and killing of the microorganisms by leuk ocy tes.

Two different methods have been used to purify huntan factor D. The first

method invo lved separa ti on of pseudoglobulin, fractiona tion on BioRex 70, frac-

tiona t ion on CM cellulose, and gel fil tration on Sephadex G-150 (40). A second

method involved fractionation of ps eudoglobulin on BioRex 70, fract ionat ion on

CM cellulose, and gel f i l t rat ion on Sephadex G-75 (22). Act ive fractions were

ident i f ied by their abi l i ty to convert C3 in the presence of pur ified factor B

(6). This assay system was found to be more sensitive than the other method

wh ich we had been using, i .e., restoration of the C3 converting activity of

factor D depleted serum . The purification methods described above were found

to be i nadequa te as low y ields of the protein were ob ta ined, and the prepar-

ations were contaminated with 20 or more different proteins. Purity of

the preparations was determined by polyacry lamide disc gel electrophoresis .
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Fl’;. ~~~ Op 5m ’nic activity of purified norma l human gamni~’m g lobulin for E. coli

075 . The fo llowing react ion  mixtures were tes ted : (I) PN1IS and

bac.’ Leri ;m , ( 2 )  lec ,m ko r’,’Les and bacteria , (3) PNHS , bacter ia , and

lm ’ ick t . im.’y t e s , and (4) norma l gamma globulin, bacter ia , and leukocytes .

Tint ’ u m o r m i m m i  g;immtma globulin was added to the reaction mixture at a

concentration oF 107, and contained 10.25 g/100 ml of IgG and no

di’Lt’c tat) Ic l) \ cii’ I4~M.
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A Liii rd inetinni o l pu n I icat ion ol f a c t o r  D was lo~ n tf  to be more t i  C - f  Vt -

t han e i t h e r  of t h e  first two methods . EDTA—treated huma n serum was passed

over a Sephadex G-75 column equ ilibrated in 0.15 M NaC1, 0.002M EDTA, pH 7.3.

Fac to r  D, w h i c h  has a mo l ecular weigh t of 24,000, was eluted at the beginning

of the second protein pea k (Fig.30). The preparation was found to be func-

t ionall y active and, at a protein concentration of 5O ug, con ta ined 7 bands

Hii alkaline polyacry larnide etectrop horesi~~. ~ur attempts to cut the acry lamide

gels and elute the proteins Ic determine wi c l i  band corresponds to active

factor D have been unsuccessfu l. I have w r i t t -n and received information

from Dr . Douglas Fearon at Harvard Medic al ~ e l  and Dr. Peter Lachmann

at Itll~C in Cambr idge  r e g a r d i n g  t h e i r  ~ e t h e i I i purification of factor D.

They  have informed me t h a t  t h e y  also have Ii H 1.~r cat  d i f f i c u l t y  in pur i f ying

V t h i s  p ro te in  and provided  h e l p f u l  suggestite ’; . The reasons for the difficulty in

purif ying factor D are r e l a t ed  to (a) its 1 - S  eo n cent r a t i o n  in norma l human

serum, (b) its affinity for chromatograph ic tesins making it difficult to elute

in high y ield , and (c) the unavailabili ty e l  - i t  iseruni to factor D making assays

for its detection time consuming and tedious .

b. Discussion

The data obtained from our i v  stigation suggest that the

c i a - H - i c a l  pathway was utili zed in the burn s e t a  during opsonization of E. coli

07~ because a l t e r n a t i v e  pa thway  p r o t e i n s  r . . q t i ir e d  for  opsonizat ion of t h i s

H I  i t ; - ; t t i s m  were not C i t r i c  j o n t u g  p r e t e t 1  . f l i is  conc lus ion  is based on s eve ra l

p i e c t ’~ of  e x p e r i m e n t a l  e v i d e n ce  as f o l l o w s : (a )  I nt a c t cel ls  of E. coli 075

-; rc found to be capable  of a c t i v a ti ng  th e  i tc r n a tiv c  complement pathway.

(h) P r e l i m i n a r y  exper iment s  using S. m i n ne s o ta  cell wall mutants indicated that

he p0! v s a c c har i dv  r~rt ~on ii t h e  I ip opo ] y ic - i r i d e  is responsible  for

V 
V V _ _
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d i t e r n a t i V e  pa thway  a c t i v a t t o n , wherc . t~. L I 1L~ l i p i d  A US ~~~~~~ I ~. I~ .~~t~. i b I

a c t i v a t i o n  of the c l a s s i c a l  p athway .  These results io ~~ i i  t n n ~~~r~ , $ i ’ r

t i L l  l iz in g  pun  f i c ’d I po po~ y sacchar ide  and l i p i d  A p r epared  front  L ~~ I i  17 ’ , .

Uowe v c c, they  suggest  t h at  microorganisms such as E. c c l i  075 W i  I I I  C C I 1~~1~~~L C

p o lv sa cchar ide  reg ions in the i r  ce l l  w a l l s  would  a c t i v a t e  the  a l t e r n i t i v e  pa th

t y  t i nde r  norma l c o n d i t i o n s , since th i s  region of the g r a in - n e g a t i v e  c c l l  w a l l

i s  o u t e rmost . The l ip id A mo ie ty  is the innermost  por t ion  of the l ipopol ysac-

e l t a n i d e  and is located d i r e c t l y  next  to the muco-pept ide  layer of the c e l l

w a l l ~ The c l a s s i c a l  pa thway would therefore  not be ac t iva ted  u n l e s s  the c e l l

wall was altered in SOme manner as to expose the lipid A or unless  the a l te r -

native pathway was unable to be utilized . (c) Heat-stable inanune IgC anti-

bodies to E. colt 075 which wou ld normall y t r igger c lass ic al pathway activa-

tion were not demonstrated in either normal ar burn sera. In fact, the da ta

si~~gest a minima l role, if any, for inununoglohtllln in opsonization of E. coli

))75~ These later observations confirm the results of Jasin who also demon-

~trst ed t h a t  opsonization of E. coli 075 proc~ ded normall y in in~m.in Un

dep l eted human serum (31).

The tentative conclusion that alternaiivL pathway [Lotetfl s required for

opsonization of E. coli 075 were abnorma l in [lie burn sera requires confirmation

by experimental studies . This possibilit~ is .~xtreme 1y interesting, however, in

l i g h t  o f our previous observation that C3 con. ‘rsion by inulin in the burn sera w .s

norma l when E. ccli  o p so n iz a l io n  and c i i s ic sl pathway activity were reduced .

in  is  a r ecognized  ac L i  v~i t o r  of  t l i  a u 1 .  i t t  ive  pa thway,  and a l l  of the

s iu d i n s  w h i c h  are currentl y available on ib . t e in  i n t e r a c t i o n s  of the a l t e r -

n a t  i i . ‘ t ; a tj iw~~y h a v e u t i l i z e d  Zy i t i t  ~ar i or in t l iii . th e  .i t i v a t i n g  s u b s t a n c e . Our

i t  I d. i i J d  m d i  CaLC L I I . i t  when b a c te r i a , such i .  E. co l i  075, are used as the

I j i ’. A ; u  b~ i t , i i i c t ~~ i , t h e  p r o t e i n  inte rrl i L i  o’~ t nv o lve d  in a l t e r n a t i v e  p a t h w ay

I i . i t  i o n  may J I I i i  I r t n ~ l i e  t r o t  i n  i n )  i i~~~ i nv Ived when m u  u n  is used

t i n  ‘iii i l l  i ng  ~ th  • t . i p ~ . . .~ V • . .~i i i zcd p r o t e i n  i n t e r a c t i on s

~~ L ~~~~~~~~~~~~~~~~~
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may be d i f f e r e n t  or p r o t e i n s  in a d d i t i o n  to f a c t o ru  B , D, and i n i t i a l i n g  l : I i t i i r

I I I ; I V  be r e q u i r e d  to genera te  an alternative pathway C3 con v c rt a s e  b y t h y  h~i c t  e r i i ,

f l I l ’se p o s s i b i l i t i e s  emph a s i z e  the importance of future utud ies to determin e ihi

id entity and sequence of p r o t e i n s  required for  o p son i zat i on  of g r am-nega t ive

aerobes such as E. coli  075.

Our s t u d y a lso showed t hat  gram-negative aerobic bacilli , in add iti on Lu

E. coli 075, were capable of activating the alterna t ive pathway . Efficient

alternativ e pathway activation was achieved utilizing intact cells of P. aeru-

gIn ,~~~~ P. m irab i~j ,~~ and S. minnesota  S form . S. aureus,  a microorganism

which  frequentl y causes serious infections in burned patients , was no t fo und

to he as efficient as t he  grain-negative bacilli in activating the alternative

p a t hway, although this microorganism appeared highl y active in initiating

classical pathway activation . The immunological specificities of S. aureus

reside in the  polysaccharidc A antigen which is teichoic acid composed of N-

acety l glucosainirte residues attached to a polynibitol phosphate backbone (67,68).

Most  strains of S. aureus also possess the surface component, protein A~ wh i ch

react~, with the Fc fragments of the IgG molecules in most mammalian sera (69-72).

~~ nce  isolated protein A is known to fix comp lement, the interaction of IgC

wit hi ‘rt’tein A of the cell wall of S. aureus may promote binding of Clq and 
~ 

1

thus prefer ential activation of the classical pathway (73). Our future studie s

t h i s  trea will be directed toward determining if strains of gram-negative

aci I i i  i so l ated from burned patients activate the alternative pathway as

I f c c t  i v e l v  i . ~ our test strains .

The dal i o b t a i n e d  in t h i s  investigation have also aided in the interpreta-

I Ian t i  OUlt O~ ou r i t n e x p i t ined previou s  o b s e r v a t i o n s  r ega rd ing  changes in

i i i imo r a l  ‘IL i or s  in  b u rned  p at i e n t s . In t h i s  regard , i n h i b i t i o n  of f o r m a t i o n  of

ni i i  t i~ riiat i vi p a t  hw ay  Cl c on v er t a s e  w h i c h  we have demons tra ted in burned

86



t i Ls ~‘ b of critical importanc . to the p o t i tr i if classical ‘ .

t i v i  t y is d~~ rOJ & .!. O~~ r sults ~‘g ~ o t i  t h at  . iii u .  ~~~~ ~

I I  Id l i f . to c t l i l p e l l c a t I  f o r  the  o ther , i f  e i t h i & i i n t ~ I

p ~~ 
i I v . Lf th .t alternative pathway is un ille to be activat. I

uii ih i [ory factor and ciassical pathway components arL con ulne t •

p t  I cest i , hen op su l l  izat ion of the p a t i e n t ’s se t r i  f o r  bi ~ s i i i  ‘: i n  r i  c

‘ m s l uiil I be reduced i I the organism r equire ’;  C C i  ‘ n~~ n o t  i ’ ion I

, a t on . Our l e S U I L : .  presented in section Al of thi s re~~ L J p h i r : I’

t h es  i s .

Another interesting possibility which is supported by this investigation

i s  t h at  there may b~ more than one way to activate the classical pathway. It

is w e l l  known t h a t  immune IgG antibacterial antibodies can bind the Clq portion

(Ii Cl and thereb y initiate the rest of the classical sequence . Our results

s lp ~~~~~ L t tln~ concept that classical pathway activation can also occur in the

nhs1nL ( of antibod y. Loos et at (63) and q’i ’te recentl y Morrison and Kline (7~)

h Ive  1 1 1 i , ( h i ’ d  ,vidence to suggest that i i i .  i p id A region of the lipopol y—

,i e h a r i d �  molecule interacts directl y with CI to initiate classical pathway

~~L i v a t i o tt b y a mechan i sm which does not r e q u i r e  a n t i b o d y .



2 . S tittlies i i i  ( I ( :LCr i f l i f l C the requ l cement I . .n imnni n ii ?j~~hIW i

complement in op,sonization of B. frag ilis

a • Results

In our previous studies, methodoLogy was developed for InC3s-

tiring th e in vitro interaction of human leukocytes and serum factors in

lIagi yt osis and intracellular killing of gram-negative non-sporulating

iia~’robes (75). Strains of B. fragilis subspecies fragilis and thetai otis-

m i c r o were shown to be killed by human leukocy tes in the pres ence of poo l ed

norma l human  serum (PNII S), hu t  no t by either leukocytes or serum alone . T h e

present investigation was undertaken to define the role of immunoglobulin and

comp lemen t in phagocytosis and intracellular killing of the B. f ra g il i s  s t r a i n

by letikocytes . All of the experiments to be described were carried out under

anaerobic conditions as previously detailed (75).

In our preliminary experiments, a standard anticomplementary procedure

(heating at 56°C for 30 minutes) was used to inactivate comp lement in PNHS.

In addition , hypogammaglobulinemic sera from three different donors were used

as sources of immunoglobulin dep le ted scra . Neither the hypoganunag lobulinerni c

~;e ra nor the heated PNHS supported phagocy tosis and in tracel l u lar k i l l i ng 0

the B. fragilis strains (Fig.31). In contrast, untreated PNHS promoted over a

ese log reduction in bacterial counts of both subspecies of B. fragilis. These

i ’ still s indicat ed that both comp lement and immunoglobulin in norma l human s i r s

cc F (.III I red for opsonization of B. fragi Us subspecies fragilis and tlict jiot i~-

i C t O i l .

‘F’ d eti r m i ut the partici pa tion of late-acting comp lement components , us

w i ; , oh i t  C8 deficie nt h u m a n  serum and C6 deficient rabbit serum . The o p s en i c

id b u y  i ’ i  t~~t~~ C8 t i ( l i C I C O L  human serum was as efficient as PNHS (Fig. 3 2 ) .

l1~ p e m  u n I i vi ty u i  the  C6 d e f i c i e n t  r a b b i t  se rum could not be e v a l u a t e d ,
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Fig. 31 . Opsonic activit y o1 human sera dep lor ed of comp lemen t or i mniuno-

globulin for 8. fragilis subspecies frag ilis (#1365) and thetaio-

iaomicron (#1343). In the left figure, experiments were performed

using strain #1343 and in right figure, experiments were performed

using strain #1365. The f o l l o w i n g  react ion m i x t u r e s  were tes ted :

( 1)  pooled norma l human serum (PNll~ ) and b a c t e r i a ;  (2) leukocytes

a nd b a c t e r i a ;  (3) E’NUS , l e uk o c y t c ’ , md b a c t e r i a ;  (4) heated PNHS

(Sh°C , 30 m i n u t e s ) , l eukocy te s , and b ac t e r i a ;  (5) hypoganuit aglobu-

1 inemic  serum (hI S 1), leukocy tes , and b a c t e r i a ;  (6) HS 2, leukocy tes ,

m l  b a c t c  r i  a; (7)  U~ 3, l e u k o c y t e n . a s h  b a c t e r i a . The h ypogammag lo-

~i I i  ml m m c  st r i  c o n t a i n e d  240 to lIt) m i ; / ~ of IgG , 16 to 29 mg~ of Igli,

and l e sS  than 24 ;7 of IgA . The l o t s  represent  mean va lues  of

2 t o 5 ‘K 1 cr  1 t e n  I s , ‘ m d  the  ion  i t  I b - ir s  represent  the s t a n d a r d

a r or  of a mean
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Fig. 32 . Opsonic act ivity of C6 and C8 deficient sera for B. fragilis

subspecies  f r a g i l i s  (#1365) and t hct a i o t a o m i c r o n  (#1343) . In the

left figure , exp er imen t s were performed us ing st rain #1343 and in

the rig ht figure experiments were performed using strain #1365.

TIme following reaction mixtures were tested : ( 1) l eukocy tes  and

bacteria; ( 2 )  PNHS, lcmi kocvte s , and bacteria ; (3) C8 deficient

limimmia n serum , lcmm kocytes , and bacteria; (4) norma l r abb i t  serum ,

I c uk o c y te s , and b a c t e r i a ;  (5) Cb deficient rabbit serum, leukocytes ,

and bacteria . The points rcprcscnr mean values of 2 to 5 experiments .

i~cl vertical bars represent the standard error of the mean.
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since normal rabbit serum was also found to be un ab hm to  or i m N I i  ‘

ia -id killing of the lest str iin s . These results i n d i c , m ‘I u i  ii : i.~ ( ; ‘I ~~ i,

no :  r equ i r ed  for  opsoniza t ion  of the B. f r a g i l is  s t r a i n s .

To determine the participation of the alternative complement  p a t h w a y

in opsonization of time bacteria, the ability of the strains to be o h i a g o c yt o s e d

an d  k i l l e d  b y leukocytes  in the pre sence of scra dep leted of component s  of t h is

at hway was next investi ga ted . Human sera dep leted of terminal coim p lenieni :1
:si n&nt s by inulin or cobra venom [actor (CoVF), recognized activating

h S t l f l C d S  of the a l t e rn a t i v e  pa thway ,  were unab l e  to suppor t ph a g ocy t o s i s  of

the L e s t  strains (Fig.33). The opsonic activity of C4 deficient guinea pig

i t . t lll was unable to be evaluated , since the maximum reduction in bacterial

L O t S  i n  the presence of normal or C4 deficient sera was only 0.5 log. PNHS

dep leted of Ci by treatment wN  0.l5M hydrazine at 37°C for 60 minutes (R3)

w ; m s  a l s o  unable to effect mnize the test strains (Fig.34). In addition ,

the opsonic activity of marked ly reduced by hea t treatment at 50°C

i~ii 30 minu t C s  which removes [a c t o r  B ( kL )  and Jay  dep l e t i n g  the serum of f a c t o r

D b~ molecular sieve chromatography on Seph ad~.i C-75 (RD). The only d i f fe rence s

F i~een the opsonic requirements  of the two subspec i es were observed when the

psonic activity of properd in depleted serum (Ri’) was tested . PNHS was dep leted

of ~roperd in  b y treatment with zymosan at 17°C in the presence of magnesium ions .

c p s on i c  a c t i v i t y  of RP for the subspecies r . m g i l i s  was e q u i v a l e n t  to the

p~~on Ic a ct i v i ty  of PNI-IS . The kinetics of ops. iiizati on of the subspecies

t i  i t i t  I e ron b y RI’ w i c  i i .  t 1d I y dcc r e m  s~ .1 , OhI a sign  i f i  c an t  r e d u c t i o n  in

ha~~~e~- L ’ l  counts was on l y observed a f t e r  3 h omm as 01 incubation . The results

pca v i l .  ii d irec t evidence to ind i~~mt e an abs olute’ requirement for C3 and

a . ’ I i) ’ , II .in I I) I .r p ool i ~~a l i on  i i i  bo t h  B. f r a g i  I i s  s t r a i n s  and a p a r t i a l

I i s - s i n I [o r  prop e  i’d i n  I i  • r opson i ~a t i on  o l  I h i  • i i l )  ~~~~~ h’s t h e t a i o t a o m i c ro n

a) ’

-
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F~ig. 33. Participation of the alternative complement pathway in opsonization

of B. f r ag i l i s  subspecies (#1365) and thetaiot aomicron (#1343).

In the left figure, experimen ts were performed using strain #1343

and in right figure, experimen ts were performed using s trai n #1365 .

The following reac tion mixtures were tested : (1) normal guinea pig

serum, leukocy tes , and bac teria; (2) C4 deficien t guinea pig serum,

leukocytes , and bac teria; (3) PNIIS, leukocytes, and bac t e r i a ;  (4)

PNHS treated wi th 10 mg/mi of inul in  (37°C, 60 minu tes ) ,  leukocytes ,

and bac te r ia ;  (5) PNW3 treated wi th  10 u n i t s  per ml of CoVE’ (37°C,

60 mInutes), leukocytes, and bac teria . The points represent mean

values of 2 to 5 experiments , and the ver t ica l  bars represen t the

s tandard  error of the mean .
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Fig. 34 . Opsonic activity of PN1-IS dep le t ed  of alternative pathway components

for  B. f r a g il i s  subspecies f r a g i l i s  (#1365) and the ta io taom ic ron

(#1343) . In the lef t f igure , exper imen ts were performed u sin g s t r ai n

#1343 and in the righ t figure, experiments were performed using strain

#1365. The f o l l o w i n g  r eac t ion  m i x t u r e s  were t e s t ed : (1) PNH S, leuko-

cy t e s , and b a ct t ’r i  i ;  (2) R3 , l et i k o c y t c s , and b a c t e r i a ;  (3) RD , I c u k o —

cytes , and bacteria; (4) RB, l e u k o c y t e s , and bacteria ; (5) RP,

leukocytes and bacteria . The points represent mean va lues of 2 to

~ experiments , and [he vertical bars represent the standard error of

the  mean .
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but  not  for  opson iza t ion  of the  subspecies f r a g il i s .

Since heat treatment at 50°C for 30 minutes is known to inactivate C2

is w e l l  as f a c t o r  B , hea ted  serum was supp lemented  with pu r i f ied  h u m a n  C2 or

factor B and opsonic a c t i v i t y  was de te rmined . A d d i t i o n  of two d i f I ’ i r i i’m (

preparations of purified human C2 to heated PNHS at a concentratio n wh ich li e,

bee n shown to restore hemolytic activity to norma l did nor substantiall y increase

i t s  o p s o n i c  a c t i v i t y  f o r  t i l e  b a c t e r i a l  s t r a i n s  (Fig.35). Opsonic act ivity of

u:he hea ted  serum was fu l 1 y res tored  to norma l b y ph y s i o l o g i c a l  c o n c e n t r a t i o n s

of two d i f f e r e n t  p r e p a r a t i o n s  of p u r i f i e d  human f a c t o r  B (FB 1 and FB 2 ).  These

r e s u l t s  i n d i c a t e  a requi rement  for  f a c t o r  B for opsonizat ion of the B. f r ag i l i s

s t r a i n s.

b . Discussion

In the present investigation , evidence was provided to indicate

a requirement for immunoglobulin and components of the alterna tive complement

p a t b ~wav  in normal human serum for opsonization of B. fragilis subspecies

f rag i l i s  and theta iotaomicron . This represents  a totally new ob serva tion , since

the re  is currently no literature available regarding the definition of serum

p r o t e i n s  required for  opsonizat ion of the gram-negative non-sporulating anacrobes .

fl~c experimental data in support of this pre l iminary  conclusion are as

f o l l o w s : (a) Human sera dep leted of inununoglobulin, C3, factors B or or ter-

s i t i a l  complement components C3 to C9 did not support phagocytosis and intra-

cel l u lar k i l l i n g  of the micr oorga ni sms by normal human leukocytes . (b) Time

epsonic activity of human serum heated at 50°C for 30 minutes for the B. fragilis

s~~ .m iui s was restored to normal by h ighl y purified factor B, but not by human

C2 . t i c  component of the classical pa thway which is lab i le at 50°C . (c) Proper-

dHu dep icted human serum supported norma l phagocytosis of the B. frag ilis

f~~~a , ~ jiis and only part i a ll y supported phagocytosis of the subspecies thetaiotao-

i’ ,, ’ ggesting participation but not an absolute requirement for properdin
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I ~~~. 35 . Restoration of the opsonic activity of heated PNHS b9 purified

fac tor S. In the left figure, exper imen ts were performed using

.t rain #1343 and in tile right figure. ex perimen ts were perfor med

sing ~tra in #1365. The following r -i (  lion mixtures were tested .

(1) PNHS, leukocytes, and bacteria; (2),~~~PNHS (50°C, 30 mm .),

leukocytes , and bacteria ; (3)~~ . PNHS supp lemented with 30 ~ig/m1 of

FB 1, leukocytes and bacteria; (4)i,1 PWIiS - i u p p lema .’nted with 42 ug/mi

of FB 2, leukocytes and bacteria; (5) ~~ i’NHS ‘iuipplemc’nted with 100

s a l t  ~. / i . s l • . i  i ; _ ’ 
~~
, li ~s iI a.ss yl  a : . , i i i a l  i s .s ,  l . ’ i  I a , ( i ) / ’ , I’N IL :,ui

~ s i .  I t i i i , iii ‘ ‘ I

I I I, I mi i i ~ I I -a / ‘‘ a I , . i  i ’  
_ ,~ I 1 , 1 , 1  .,, ,‘ ‘ ‘ I l . a . I ~~1 i a i . ‘ I I . . -  p .~. I i , I  a

ra p resc ui t  1114 W Vii l i i , - ’ i of t a t  ‘a . - x
~~ ’ ’a  I i .  iul 5 , .u , i i l  t h i n  ve rt  i ra I bars

r.~prc se n t t h e standard error a ’ I t h e  ima ’  - u i
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lia r ops on iza t ion  of the the ta io taomicron subspecies . This obt er v at i on  m a  m u t t

surprising, since C3 conversion and thus  presumabl y opsonization can ua cuii -

in the absence of properdin . The function of p rop erdin  is to s t a b i l i ze  the

C3 convertase, C3b, B formed by the feedback u ia t a Imani suu involving tac t :ira ; II, I),

a id  CTh (Refer to Fig.]).

In our investigation , immnunoglobulin in aihll t i o ~ to components of ti m e

i 1 m a rnaiive comp lemen t pathway was found to b -  : ipa ir ed Lai r o p s o n i / . a t i o n  of

t h u e  B. fragilis strains . Available in i o n n a t i u c’~ga r d i ng  th e  role of im!n000-

glob ulin in opsonization of microorganisms i s  c-/ :utr oVerSial . An tibod y of tim e

IgG c lass, in addition to components of the alternative comp lement pathway,

has been shown to participate in opsonization of  P. aeruginosa (26,27) and

Streptococcus pneumoniae (28). In contrast , opsrnization of strains of E. coli

(31), S. epidermidi~~ S. aure,~~~ S. marcescens , S. viridans, and S. faecalis

(76) has been shown to proceed normally in hypogainmaglobulmnemic sera.

The question of the role of immunog l obu lii -u in activation of the alterna tive

pa thway is also unanswered . Available evidcu~~ indicates that activation by

inul in or zyinosan occurs in the absence of immunoglobulin (18). In addition ,

~- i - a  of Trypanosoma cyclops (77) and rabbit erythrocytes (78) by norma l human

~eruiua l has been shown to require activation of the alternative pathway withou it

an -apparent requirement for conventional anti l - lie s . On the other hand , anti-

iv of the IgG class has been shown to p a r l i .  u h a t i  i n  alternative pathway

:ic- hialcd lys is  of measle s ~iruus infected c eII- ~ ( 1 )  as well as in opsonization

o f  bacteria as described above.

Since  comp lement  a c t i v a t i o n  i s  r equ i r e d  [u i  tlp - (i iOL Zil t ion of bacteria , one

a a t  J i  m o s t  i mp o r ta n t  q u e s t i o n s  in t h i s  rc.s -ari -hi u i  c a  r e m a i n i ng  to  he answered

i ,-.- I . - i h e r  inununoglobul in  is required d i r e c t l y  f - i -  activation of the alternative

iWOV or for binding Of th 4 . ba. terimmi 0 - a t O  am h u e leukocyte cia] I

: a -ui hr a n e -.urface . Tue expia m i / r a I l  i i  a l t - o h  - a a O  - u / I  - a -w ;u h .ipp l i c . m t i e n  w i l l

i l,
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inc ~udc a comprehensive stud y focused on answer ing  t h i s  as y et  u u n r o s o I ’ .’~-d

i s sue .

The results of our investi gation indicat e t h:m t t i l e  huu in uan  st~’ U t i m u m  I ) F0 t  m a i l i a

required for opsonization of B. fragilis subspecies Irag i 1 is and t h u & t . a i a u t  a —

micron were similar f not  i d e n t i c a l . This f i n d i n g  L - : u i s ~ - o r I m e  ( fu e : ; t  i u f l  5 10

the im p o r i s a c . : of the pol ysaccha r ide  capsu l e  to t i m e  v i r u l e n ce  of B. fr~m~~i ii

Kis p er ma s suggested that the pol ysaccharide capsule found a [most  m’ - c lusi Vt ’ i v

an t he  f r a g il i s  subspec ies  may ac t  as an a n t i ph a g o cy t  i i  agen t  (80) .  Our

- e s u l t s  would tend to support the thesis that the  a n t i p l ua g o cy t i c  ce l l  s u r fa ce

component is not unique to the subspecies fragilis and probabl y may not lie

the primary virulence factor of this microorganism . Alternative ly, our strain

of B. fragilis subspecies thetaiotaomicron may be encapsulated -ilthough this

possibility is considered unlikel y, since Kasper has on ly found one of t h e

several f- trains of these subspecies to be encapsulated . Our future studies

will attempt to examine the opsonic requirements for additional strains of

B. [ragilis subspecies fragilis and thetaiotaomicron . Of additional importance

will be to examine the interaction of human serum and leul/ocytes with strains

of B. fragilis vu lgatus and distasonis, since none of these strains has been

sluOwn to contain capsular material .
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V . CONCLUSIONS

A . Consumption of components of the classical complement pathway was

assoc ia ted  with and was probably caused by se~it i& :nid in tlae r uu ali y i i i

p a t i e n t s.

B. Decreased classical pathway activity was deumm onstr atad during L h i a a  t a r -

voe k pos tburn  in a l l  burned p a t i e n t s  w h o  ~‘ ub ’ aa - a - ’ m u t l y deve~ upcd SepL ic .:nuia .

C. C3 convers ion  v ia  t h e -  al  r i t a t i a m a  ~~ma ‘. sy  mao . i t : o ’ r cd ::c .-l ii! some

of the  burned patients during septic e1i i s~ida,’~ . o z  ap a.a cma i LO be duo to I H -

~)jl1Ofl rather than to consumption of protein .- a;n i ua ’l for C3 conversion .

D. In one patient , consumption of compa n 1:, of the  c l a s s i c a l  con m pl emen t

-athway occurring during sept icemia dcci ‘t i S a ’ I i p /r u Va p a c  i ly i f  the

/ a t ie n t s sera for her own infecting mi - ro I H a : a 1 - ~u a , an isolate of E. coli.

in the other patients , consumption of classh.- - u h pathway components did not

reduce the opsonic capacity of the patients ’ 0 c c - a  for their infecting strains

i i ]  of which , w i t h  one except ion , were s t ap h . ! ,  / C i .

E. All of the microorganisms isolated ft eru the bu rned patients were r iot

“rusceptib le to complement mediated lysis and were phagocytosed and killed intra-

cellmm lar ly by human leukocytes only in the presence of human serum. The only

c ’cept ion were the C. albicans s t r a i n s  i s o l a t si ~ 1 .1 on t ime  burned p a t i e n t s  w h u i r l a

‘are not phagocytosed and killed intrac ellularly b y l eukocy te s  even in the

‘/ ‘ i ’a s enc e  of high conc e n t r a t i o n s  of norma l human scruim .

F. Preliminary evidence was provided to suggest that reduction in C3

vern on via the alternative pathway occurring in burned pa tien ts du r ing t hi s

I ’  i n  to 60th postburn days was caused by eievation of a norma l regulatory

[a loin of the comp lemen t sys tem.
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C. Abnormalities of both m the alternative a~md class i c - il comp lement p a t h -

ays and of imanunog lobulin M ~ere found to occair i mmediatel y following severe

blunt , or penetrating abdominal trauma .

H . No r e d u c t i o n  in immunochemical levels or f u n c t i o n a l  a c t i v i t y  o h

c ’m p orm ents  of the c l a s s i c a l  or a l t e r n a t i v e  comp l ement  p a t h w a m y s  or of i uuimim n o -

g l a h i l i n s  were demonstrated in s ep t i c  p a t i e n t s  w i t h o u t t rau uuuam , suggesting thuam i

( / l l l ~ I c r u m a n  t c o n s u m p t i o n  in t I le  sep t i c  burned  p a t i e n t s  wa s  am r e s ua  l i  o l  s yn o rg i s lut

‘.-tween the infection and the trauma .

I. Intact cells of E. coli 075, wild-type S. minne~ a, and clinical

i s o l a te s  of P. aeruginosa and P. m i r a b i l i s,  were found  to be capab le  of

t u f icient l y activating the alternative comp lement pathway. S. anr eus  wa s loss

e f i c ie n t  in a c t i v a t i n g  the a l t e r n a t i v e  pa thway,  a l t h o u g h  t h i s  m i c r o o r g a n i s m

~as high ly active in initiating classical pathway activation .

J. Utilizing washed cells of S. minnesota cell wall mutants , the

pelysaccharide portion of the lipopol ysaccharide was shown to be responsibLe

for alternative pathway activation , whe eas the lip id A moiety was responsible

for activation of the classical pathway.

K . Fac tor D was obtained from nor~na 1 hunm an serum in p a r t i a l l y p u r i f i e d

0 run .

I . Heat-stable imm une IgG antibodies to E. coIl 075 were not demonstr ated

in t i t h e r  norma l ar burn sera, and opsonization of E. coli 075 was shown to

proceed normally in immunoglobulin dep leted sera .

M. Immunog lobulin and components of the a l t e r na t i v e  comp lemen t  pal timway in

a irnia l human serum were shown to be required for plragocytosis and intrac ellular

killing of B. fragilis subspecies fragilis and thctaiotaomicron by human peri ph-

t rail Icuik ocytes.
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